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Abstract 
 
Nowadays, most of the infrastructure development projects undertaken are complex in 
nature. Practically, public clients who do not have a good understanding of the design and 
management may suffer severe losses, especially for infrastructure projects. There is a 
need for luring the right consultant to secure client’s investment in infrastructure 
developments. Throughout the project life cycle, consultants play vital role from the 
inception to completion stage of a project. A few studies in Malaysia show that 
infrastructure projects involving irrigation and drainage have experience problems such 
as poor workmanship, delay and cost overrun due to the consultant’s inability or the 
client incompetence of recruiting consultants in time. This highlights the need of aided 
decision making and an efficient system to select the best consultant by using Decision 
Support System (DSS). On the other hand, recent trends reveal that most DSS in 
construction only concentrate on decision model development. These models are 
impractical and unused as they are complicated or difficult for laymen such as project 
managers to utilize. Thus, this research attempts to develop an efficient DSS for 
consultant selection namely consultDeSS. 
Driven by the motivation and research aims, this study deployed Design Science 
Research Methodology (DSRM) dominant with a combination of case studies at the 
Malaysian Department of Irrigation and Drainage (DID). Two real projects involving 
irrigation and drainage infrastructure were used to design, implement and evaluate the 
artefact. The 3-tier consultDeSS was revised after the evaluation and the design was 
significantly improved based on user feedback.  
By developing desirable tools that fit client’s needs will enhance the productivity and 
minimize conflict within groups and organisations. The tool is more usable and efficient 
compared to previous studies in construction. Thus, this research has demonstrated a 
purposeful artefact with a practical and valid structured development approach that is 
applicable in a variety of problems in construction discipline.  
Keywords:     Consultant Selection, Decision Support System, Requirement Engineering 
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"The roads we take are more important than the goals we announce. Decisions determine 
destiny. " 
Frederick Speakman 
 
 
 
 
 
 
Chapter 1: Introduction 
 
 
 
 
  
  
 
1.1 Research Background 
Physical infrastructure has become a catalyst of growth for economies in many of developing 
countries. It plays an important role in the improvement of living standards and promoting 
regional cooperation and trade. Infrastructure projects such as of roads, highways, railways, 
bridges, drainage and irrigation indirectly facilitate greater communication and enhance 
agricultural and industrial production. Non-residential, commercial structures and facilities play 
a role in boosting a region's tourism, entertainment, business, and cultural sectors.  
  During the 1997 economic crisis which affected most of Asian countries, Malaysia by 
the initiation of National Economic Action Council (NEAC) decided to encourage development 
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in the construction sector by giving priority to projects involving education, health, poverty 
eradication, rural development, affordable housing, public facilities and infrastructure 
development (National Economic Action Council (NEAC) 1998). In this period, USD1.6 billion 
was spent specifically for physical infrastructure development. It was projected that the growth 
of infrastructure development increases significantly. 
  After 10 years of rapid development, in the 9th Malaysia Plan (MP), a comprehensive 
blueprint was prepared by the Economic Planning Unit (EPU) of the Prime Minister's 
Department and the Malaysia Ministry of Finance with approval by the Cabinet of Malaysia, to 
allocate the national budget from the year 2006 to 2010 to all economic sectors in Malaysia 
(Economic Planning Unit 2006). Based on the report, the development expenditure for 9MP 
would cost approximately USD600 billion. Approximately 35% of the 9MP allocation was for 
projects which had been carried forward from the previous 8MP. They were mainly 
infrastructure projects such as educational institutions, roads, highways, airports, bridges, 
agricultural irrigation and flood mitigations. 
  As these projects are growingly complex in nature and consume huge amounts of 
construction capital and efficient coordination, the management and planning aspect of 
infrastructure projects must be handled with a great care. Otherwise, those projects will tend to 
have cost overruns and benefit shortfalls (Flyvbjerg, 2007).  Research found that these problems 
were rooted as early as the planning stage where there were too many alternatives and 
uncertainties were not entertained in many developing countries (Niekerk & Voogd, 1999). For 
instance, one of the major issues of infrastructure projects in Malaysia is the effectiveness of 
irrigation and drainage planning. Floods occur annually causing damage to property and loss of 
life. 
  In Malaysia, consultants provide various engineering services for infrastructure projects 
such as rail transportation, ports, highways, water supply projects, waste water disposal, 
sewerage, irrigation and drainage (Malaysian Ministry of Finance, 2002; Wee, 1999). The 
fundamental objective of engaging consultants for an assignment is to provide a source of 
knowledge and breadth of experience which is not available within client’s organizations (Kubr, 
1993) Therefore, most clients would engage engineering consultant to provide professional 
advice and services to manage infrastructure projects. 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
3 
 Selection of the most qualified consultant from a pool of firms for an infrastructure 
project will result in a well-planned design, economical and successful project. Throughout the 
project life cycle, consultants play vital role from the inception to completion of a project (Chan, 
Scott & Chan, 2004). The accuracy and suitability of consultant’s design and recommendations 
could have a profound impact on the subsequent works  within the project life cycle and might 
lead to project failure (Hussain, 1974). Thus, the selection and engagement of a consultant is one 
of the most crucial decisions the client will make when planning a new engineering project. In 
developing countries, it is reported that delay and poor performance of infrastructure project 
were due to lack of inefficiencies of consultant selection (Asian Development Bank, 2011; 
Mohamad, 2004; Sahat, 2009) 
Research suggest that consultant selection process can be assisted to be more efficient, 
effective and reliable by adopting IT technologies (Al-Besher, 1998). Therefore, leveraging IT 
technology such as Decision Support System (DSS) may improve the decision making process, 
particularly in public sector infrastructure projects. Consultant selection can be regarded as multi 
criteria decision making (MCDM) type of problem (Al-Besher, 1998; Chow & Ng, 2007). A 
few studies have been conducted for consultant selection by deploying MCDM techniques such 
as Analytical Hierarchical Process  (AHP) and fuzzy logic (Al-Besher, 1998; Chow & Ng, 
2007). Both concentrated more on decision model development rather than DSS prototyping. 
Only Chueng et al. (2002) produced a stand-alone prototype for architectural consultant 
selection in Hong Kong. However, this research revealed some deficiencies from a computing 
point of view.  
From the literature, the DSS development in construction continues the same trend 
where decision model developments were dominant across the construction project life cycle. 
Most of them only concentrate on model development and neglect the aspect of computing. 
Thus, decision models are impractical as they are complicated or difficult for a layman such as 
project managers to use (Qijia, Jian, Jiazhi, Kwok & Ou, 2005). Therefore, by considering all 
the aforementioned aspects, this research aims to mitigate the complexities of decision models 
by designing a DSS which can offer simple, effective and efficient tools towards better decision 
making for infrastructure engineering consultant selection in public sector projects.  
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1.2 Research Problems 
In recent years, researchers in construction are moving forward to tagged problems, particularly 
in planning the phase, by using DSS. Problems such as project delivery selection (Al Khalil, 
2002; Cheng & Li, 2005; Dey, 2006; Molenaar & Songer, 2001; Sarka, Zavadskas, 
Ustinovicius, Sarkiene & Ignatavicius, 2008), contractor selection (Ibrahim, Mike, Sami & 
Alex, 2002a), supplier selection (Kahraman, Cebeci & Ulukan, 2003), equipment selection 
(Shapira & Goldenberg, 2005) and consultant selection (Al-Besher, 1998; Cheung et al., 2002; 
Kit, 2005) are among the construction problems that have been widely explored.  
The current practices of DSS in construction have shown that more complex decision 
models are being developed whereas computing aspects are largely neglected. It is also 
identifies that decision models are complex and do not represent a usable DSS, since they 
heavily emphasise in the decision model rather than the practical usage in real world i.e. via a 
computerized system. 
In the context of consultant selection, the same problem arises where researchers are 
focusing more on model development (Al-Besher, 1998; Chow & Ng, 2007). Although there is 
an effort to develop a stand-alone prototype for Consultant Selection Problem (CSP) (Cheung et 
al., 2002), the prototype is considered to be ad-hoc integration with little detail provided on the 
aspect of design, development and evaluation of DSS for CSP. Instead, the explanations were 
still centred on decision model development. This may lead to an unsuccessful system due to the 
lack of software specifications.  
 Decision models are impractical and unused as they are complicated or difficult for a 
layman such as project manager to use it (Peters & Zelewski, 2008; Qijia et al., 2005). In order 
to solve construction issues such as consultant selection, it is desirable to hide the abstractions of 
decision models in DSS software which can lead to a more simple, efficient and usable IT 
artefact. Thus, by considering the aforementioned issues related to consultant selection and DSS 
development in construction, the main research problem is identified as follows;  
 
“The lack of software specifications to encapsulate the abstraction of highly complex 
decision models specifically for consultant selection problem” 
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Due to the current incapability of many software aspects, it is desirable for DSS to provide more 
simplicity, better collaborative platform, efficient data manipulation and evaluation. Pursuing to 
this, the author has identify three key issues. They are; 
• Insufficient software requirement analysis for CSP 
• Incomplete DSS prototyping for CSP 
• Disregard of usability evaluation of DSS for CSP 
The following sub-sections explain these issues which were derived from the main research 
problem. 
 
1.2.1 Insufficient Software Requirement Analysis and Design for CSP 
Research has shown that many large projects fail because of inadequate requirements (van 
Lamsweerde, 2000).  In construction literature, none of the researchers attempt to perform 
software requirement analysis of DSS for CSP. Requirement analysis has not been explored 
completely due to the heavy focus on decision model development. There is no software 
conceptual design proposed specifically for CSP which can link the system actors/users, data 
and process flow, entities, and link up with decision engine. It is essential to study the software 
conceptual model of DSS which integrate the enterprise modelling and decisional modelling for 
CSP.  According to Leondes et al. (1992), enterprise modelling is the abstract representation, 
description and definition of the structure, processes, information and resources of an 
identifiable business, government activity, or other large organization. On the other hand, 
decisional modelling concentrates on the algorithm of the DSS engine to perform the ranking of 
consultants.  A complete software requirement analysis is important to provide a blueprint to 
develop the prototype of DSS for CSP. 
 
1.2.2 Incomplete DSS Prototyping Development for CSP 
As mentioned earlier, DSS in construction focus more on decision model development and left 
the step to convert into DSS prototypes. The trend remains the same in the discipline particularly 
for CSP where underutilized decision models are being developed. For an instance, the works by 
Al-Besher (1998) and Kit (2005) denote decision model development for consultant evaluation 
as the emphasis in their research. Research by Cheung et al.(2002) demonstrated a substantial 
improvement, where a stand alone prototype was developed to solve architectural consultant 
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selection in Hong Kong. However, the data management, data communication and other 
computing aspects were not discussed. This indicates that ad-hoc integration was made to the 
prototype. Data management and communication are essential elements in modern software 
architecture. To date, there are no DSS for CSP prototype that can support Web-based Group 
Decision Support System (GDSS) across the organization. Both elements (i.e. data management 
and communication) are vital to support the decision making process by manipulating/retrieving 
the archive data and sharing the information with other members. 
 
1.2.3 Disregard of Usability Evaluation for CSP 
Instead of the evaluation of the decision model utility, it is also important that the software 
should be verified by users for its usability. Much research in construction area discarded the 
aspect of human-computer interaction and provide no user evaluation on how well the system 
been implemented (Kumaraswamy & Dissanayaka, 2001; McCowan & Mohamed, 2002; 
Molenaar & Songer, 2001; Shen & Grivas, 1996; Spainhour, Mtenga & Sobanjo, 1999). This 
trend is also inherent to the CSP where there are no usability evaluations on the usefulness of 
DSS prototypes (Al-Besher, 1998; Cheung et al., 2002; Chow & Ng, 2007). 
 
1.3 Research Aim and Objectives 
The aim of this research is  
“to developed software specifications of DSS to select an appropriate consultant for public 
sector infrastructure project “ 
With this aim in mind, the following objectives were carried out for the research project were 
identified: 
i. Perform a sufficient software requirement analysis and design of DSS .  
This involves: 
- conducting requirement elicitation by identifying organizational, user and existing 
decision models for consultant selection 
- performing Tropos requirement analysis for consultant selection which encompass 
early requirement, late requirement and architectural design 
ii. Develop a practical prototype of DSS for CSP 
This involves: 
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- developing DSS components such as data management, decision models and user 
interface for web-based application 
- integrate DSS components into a three-tier platform comprising the operational tier, 
middle tier and top tier layer 
iii. Establish DSS evaluation framework to assess usability 
This involves: 
- conducting sub-system validation to validate DSS components such as decision models 
and search facilities 
- performing face validation to assess DSS general utility and usability using heuristic 
evaluation technique 
 
1.4 Research Significance 
The proposed research will contribute to an improvement on consultant selection process for 
public sector infrastructure project management. The anticipated research significance involve 
the following aspects: 
i. Improve the selection process by automating the decision making process of consultant 
prioritization. 
ii. Minimize the assessment time taken for consultant evaluation and selection. 
iii. Promote a more transparent decision for consultant selection 
iv. Introduce important computing aspects to complete the DSS development in construction 
such as Requirement Engineering 
v. Improve the user perception of using a new system via usability evaluation. 
vi. Introduce and utilize new technology to DSS development 
vii. Provide general guidelines to develop a DSS in the area of construction industry by 
integrating design science as a research methodology. 
 
1.5 Research Scope and Approach 
This research was delimited at the beginning of the study as follows: 
• The study is conducted by investigating the aspect of design, development and evaluation of 
DSS prototype for consultant selection in public sector infrastructure project management, 
e.g. the case of Malaysian DID. Data is collected from stakeholders involved in recruiting 
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consultants at the department. On the other hand, the DSS specification produced at the end 
of the study may be promising for application in other areas in construction, particularly 
involving Multi Attribute Decision Making (MADM). 
• DSS will only attempt to solve MADM type of problem such as consultant selection 
• DSS is designed to solve two-envelop method which fall under Quality and Cost based 
selection system. Since the Malaysian government prioritises the engagement of local 
partnerships to head their infrastructure projects, the study is limited to the selection of local 
consultants rather than foreign companies. Minor changes in system design or information in 
the database might be necessary for the application to support specific type of selection. 
• This study focuses on construction planning phase. It concentrates on irrigation and drainage 
projects. However, the system can be generalised to support other infrastructure as well with 
some changes in data stored and system design. 
 
This study presents a new approach of DSS development for consultant selection, particularly 
for public sector infrastructure projects in the construction discipline. To achieve the aims of this 
study, it is necessary to construct a research plan to determine the different phases of the 
research, where each phase has inputs and outputs as well as activities. Due to the nature of the 
research and taking into consideration its aims and objectives, this investigation falls under the 
information IS research area. Using a well accepted research framework in the IS domain 
assures that the goals of this research are accomplished. This research project fits comfortably 
into a design science type of research. Design Science Research Methodology (DSRM) and case 
studies are justified and recognized as a legitimate research processes in the IS area (Hevner, 
March, Park & Ram, 2004). In pursuit of the research objectives, research activities were 
divided into 5 phases i.e. Awareness of Problem, Design, Implementation, Evaluation and 
Conclusions.  The followings briefly describe each phase and its activities; 
 
• Phase I – Awareness of Problem 
The research explores the awareness of research problems by using literature review 
activities. Two chapters contain literature reviews i.e. Chapter 2 and Chapter 3. Chapter 2 
describes the infrastructure project planning with emphasis on consultant selection decision 
making and Chapter 3 concentrates on the approach to solve decision making problem by 
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using DSS tools. As a starting point, it is necessary to identify the needs and also the gaps in 
construction technology, specifically pertaining to infrastructure planning. Once the gaps has 
been identified, the literature review will then investigate approaches to addressing the 
problems. The deliverable of this step is a critical review of CSP and current state of DSS in 
construction. 
 
• Phase II – Design 
The second phase of this research concerns two aspect of requirement engineering i.e. 
requirement elicitation and requirement analysis. There are three main parts of elicitation i.e. 
organisation, user and decision. A case study is undertaken to understand the requirement of 
DSS for CSP at Malaysian DID. Two real cases involving flood mitigation projects are 
introduced and applied to current practice in the department. In addition, data collection is 
also performed through documental analysis and semi-structured interview purposely to 
observe the organisational settings and develop user model. The data is then compiled using 
worksheet and analysed using Tropos requirement analysis technique. Case study of DSS 
design at DID Malaysia are considered as “proof by concept” (Nunamaker, Chen & Purdin, 
1991) and will link with the first research objective, which is to provide sufficient software 
requirement analysis and design. 
 
• Phase III – Implementation 
The third phase of DSRM is the build or development phase. In this stage, artefacts will be 
implemented based on the design or conceptual the model in the previous phase. The 
accomplishment of this research phase addressed the second research objective, which is to 
provide a practical DSS prototype for CSP. This will demonstrates the implementation as 
“proof by demonstration” in DSRM (Nunamaker et al., 1991) 
  
• Phase IV – Evaluation 
The evaluation phase determines how good the system was implemented. The purpose of 
this case study is to validate the DSS in terms of utility and usability. Similar real projects 
used in Phase II are applied in this phase and Fuzzy TOPSIS procedure is validated. Data 
were gathered through user testing and unstructured interview to investigate the usability and 
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overall utility evaluation of DSS for CSP at DID Malaysia. This will address the third 
research objective, which is to evaluate usability aspect of DSS for CSP. The 
accomplishment of this phase served as “proof by demonstration” in DSRM as describe by 
Nunamaker et al.(1991). 
 
• Phase V – Conclusions 
The final phase of the research concludes and summarizes the findings. Deliverables of this 
phase is the software specification of DSS for CSP. UML diagrams are used to illustrate the 
specification of the “optimized” DSS artefacts. Thus, it will directly address the main 
research aim. 
 
Generally, the research framework follows the standard approach used in many DSRM studies. 
A mixed of case study approach into DSRM will improved the reliability of the research 
framework (Hevner et al., 2004). 
 
1.6 Organisation of the Thesis 
Following the introduction to the research project, in this chapter, Chapter 2 contains a 
comprehensive review of the literature. The review provides a foundation for this research. The 
aspects of infrastructure planning focusing on consultant selection are investigated. A decision 
making problem is identified in DID Malaysia and IT artefact such as DSS is proposed to be the 
solution. 
 The literature review in Chapter 3 extends the investigation to the area of DSS in 
construction project delivery. Research gaps in construction DSS are presented and the state-of-
art in addressing the deficiencies is outlined. This chapter details the requirement engineering 
process in DSS development. Every stage in RE process from requirement elicitation phase to 
software specifications is covered. 
 Chapter 4 discuss the research design that will be used. As the nature of research 
problem can be classified under the IS field, DSRM is selected as a research methodology. 
There are five research phases, consisting of awareness of research problems, design, 
implementation, evaluation and conclusions. DSRM is combined with case studies to understand 
the issues pertaining design, evaluation and implementation of DSS. 
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Chapter 5 illustrates the design concept of DSS. This chapter discusses the requirement 
elicitation on three important aspects of DSS i.e. organisation, user and decision models used in 
the department.  An agent oriented approach requirement engineering called Tropos is deployed 
to obtain an initial design of the DSS.  
Chapter 6 demonstrates the implementation of DSS. The system accommodates three 
level of decision making in DSS, including the operational tier, managerial tier and top tier 
modules. It also contains web-based facilities for single decision and group decision making. 
Decision model such Fuzzy TOPSIS is developed in the decision engine.  
Next, in Chapter 7 outlines the evaluation of DSS from decision makers’ perspectives. 
There are two main validation procedures i.e. Sub-system Validation and Face Validation. The 
former evaluate the result drawn from Fuzzy TOPSIS while the former validates the usability 
and utility of the prototype. A discussion of thesis is presented at the end of the chapter.  
Finally, Chapter 8 describes the conclusion of the research. The chapter summarizes the 
achievement of the research process and the contribution in body of knowledge and the 
construction industry itself. Recommendations for future research are also proposed. 
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"When people are free to do as they please, they usually imitate each other." 
 
Eric Hoffer 
 
 
 
 
 
Chapter 2:  
   Infrastructure Planning 
and the needs 
for Decision 
Support System 
 
 
 
 
 
 
2.1 Introduction 
 
This chapter describes a preliminary literature review for the research. It presents an in a 
review between two broad areas i.e. Infrastructure Planning and Information System. The 
former focuses on infrastructure related topics from infrastructure delivery to consultant 
selection whereas the latter deals with the current state of art in Decision Support System 
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development in construction management. The investigation starts with the fundamentals 
of infrastructure projects and is followed by the project delivery, which focuses on the 
planning phase.  Next, the decision making concept and DSS as supporting tools are 
described. The chapter highlights the needs of DSS to support decision making 
particularly to select consultants for public infrastructure projects. 
 
2.2 Infrastructure Project Delivery 
There are a variety of definitions for infrastructure. Sloman (1991), defined infrastructure 
as the facilities to support services, skills, and experience that supports a particular 
industry. Miller (2000) defined the term infrastructure in a broader term, i.e. capital 
facilities such as buildings, housing, factories and other structures which provide shelter; 
the transportation of people, goods and information; and the provision of public services 
and utilities such as water, waste removal and environment restoration. Howes & 
Robinson (2005) identified three classes of physical infrastructures projects, comprising 
social infrastructure, trade infrastructure and technical infrastructure. Social infrastructure 
involves facilities related to human and social welfare, which are important in raising 
living standards, quality of life and human development. Trade infrastructure focuses on 
the facilities directly used for the production of goods and services. Technical 
infrastructure can be considered as economic infrastructure, which consists of capital 
intensive engineered structures. 
 This section describe the delivery of infrastructure, comprising infrastructure 
project planning, project stakeholders, type of delivery, engagement of engineering 
consultant services and finally the importance of human factors in decision making. 
Investigation has proven that the selection of a consultant for a public sector 
infrastructure project should consider various factors, such complexity of human factor, 
current government policy and competitiveness of engineering services offered. By 
considering the aforementioned qualitative factors, it is desirable that this unstructured 
problem of choosing the right consultant can be supported with decision making tools.   
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2.2.1 Infrastructure Project Life Cycle: Planning 
Typically, infrastructure project planning is based on top-down approach where it is 
ranging from strategic to operational planning (Niekerk & Voogd, 1999). The term 
strategic is devoted to incorporate issues relating to long term planning while operational 
focuses on how to get tasks done. Initially, an earlier framework has been proposed by 
Grigg (1988) which modelled infrastructure planning to a few stages and classification 
(see Figure 2.1). 
 
Figure 2.1 Stages and Classification of Infrastructure Planning 
       (Adapted from Grigg (1988)) 
 
  Based from the above model, policy planning is devoted to develop the overall 
policies that will govern the entire program or approach. An example would be the need 
to subsidize infrastructure to improve the chance of economic development. Secondly, 
program planning refers to activities that have to be done for each service category such 
as transportation, roads, water, or waste water management. Program planning may 
include capital and operating components. On the other hand, master planning specify 
where and when facilities should be developed.  Next, action planning enables the action 
agency to decide how to solve problems which may arise. The design stage may occur 
between the planning and construction phases. The establishment of stakeholders and 
project team will reside on program planning. 
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Modern planning approach involves several multi-disciplinary stakeholders that 
may have different views and interests. Key participants in infrastructure project planning 
may consist of land owner, clients, statutory bodies, developers, consultants, financiers, 
etc (Howes & Robinson, 2005). These parties work together under a contractual 
relationship or project delivery. There are numerous delivery systems available for 
owners to choose for their projects. 
 
2.2.2 Type of Infrastructure Delivery 
The procurement of most public infrastructure facilities and services is traditionally the 
responsibility of government. There are numerous delivery systems available for client to 
choose for their projects. One good example is the framework developed by Miller 
(2000) and later adapted by Howes & Robinson (2005) which describes the type of 
delivery with few indicators. The framework consist procurement type such as traditional 
method, Fast Track, CM (Construction Management), DBO (Design Build and Operate), 
DBOM (Design Build Operate and Manage), BOO (Build Own and Operate), BOOR 
(Build Own Operate and Remove), BOT (Build Operate and Transfer), LROT (Lease, 
Renovate, Operate and Transfer), DBFO (Design Build Finance and Operate), DBFOM 
(Design Build Finance Operate and Manage), PFI (Private Finance Initiative), BOOT 
(Build Own Operate and Transfer) .  
 In Malaysia, project delivery systems usually applied in infrastructure project 
developments consist of traditional contract (Ghani, 2005; Ministry of Finance, 2004) 
and design and build (Ministry of Finance, 2002). These delivery systems are usually 
applied based on the requirements of project. 
 In infrastructure projects that deploy the traditional method, the owner has a direct 
relationship with the main contractor and the consultant (Goodman & Hastak, 2006). This 
method does not provide a contractual relationship between the consultant and main 
contractor or between the client and the subcontractor. The consultant carries out all the 
design work, prepare the contract documents, and assist the client in the selection of the 
main contractor (American Society of Civil Engineers. Task Committee for the Update of 
Manual 45, 2003). FIDIC (1991) suggested that consulting engineers should undertake 
preliminary investigations, design the works, arrange for a contract to construct the 
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works, provide services during construction and for acceptance of works, ensures 
commissioning of systems and certifies completion. In other words, in traditional 
contracting, the role of consultant is vital as they act to represent an owner in a 
construction project. In addition, the consultants are responsible for supervising the 
contractor’s work. The main advantage of using this method is that it is well known to all 
parties involves in infrastructure projects, and that is provides the best possible price to 
the client because of open competition (Tang, Poon, Ahmed & Wong, 2003). Yet, the 
main shortcoming is that it may affect the design of the project that has to be completely 
finished before tendering and subsequent construction can begin. It also may take longer 
time than other newer contractual arrangement (Tang et al., 2003). Thus traditional 
method does not suited to projects that have to be completed in a shorter time. 
In Design Build, the design services and the construction operations are 
performed under a single contract between the client and the design builder  (Hegazy, 
2002). One popular reason for selecting this approach is that there is a single point of 
responsibility and thus greater perceived certainty in the likely overall cost (FIDIC, 
2006). The owner role in this approach is minimal and only involves expressing his/her 
objectives and specifications precisely before detailed design commences (Hegazy, 
2002). If the owner has an in-house engineering staff they should develop the parameters 
for procurement. Otherwise, the services of an independent consultant should be used. 
Within the organization, parts of the designs may be subcontracted to specialist 
consultants (Tang et al., 2003). 
The importance of the consultant’s role as an advisor is obvious where project 
delivery requires different responsibilities to the project owner or client. The project 
might fail if the advisor does not possess adequate knowledge of a certain area. Thus, the 
selection of consultant process must be handled with great care. 
 
2.3 Engagement of Consultancy Service for Public Sector 
Engineering consultant firms play a major role in infrastructure development as are they 
involved in all phases of the project. They can provide a variety of important services to 
their public clients. There are many type of consultant in a specific area of engineering, 
e.g. photogrammetric surveying, geotechnical, structural, civil, environment, mechanical, 
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electrical, etc. (American Society of Civil Engineers. Task Committee for the Update of 
Manual 45, 2003). Based on the ACSE (2003), the services may range from six phases of 
a construction project as follows: 
• Study and report phase – analysis of client needs, evaluation of alternatives and 
recommendations of a preferred option, conceptual design, and conceptual 
opinions of probable construction cost. 
• Preliminary design phase – preparation of final design criteria, preliminary 
drawings, outline specifications and preliminary estimate of construction cost 
• Final design phase – preparation of construction drawings, specifications, 
estimated of probable construction cost, and other contract documents 
• Bidding or negotiating phase – assistance to the client with the bidding or 
negotiation process for construction of projects 
• Construction phase – representation of the client during construction and 
inspection of construction 
• Operation phase – assistance to the client in start-up and operation of the project 
including periodic inspection. 
Due to this great responsibility towards the completion of infrastructure project, it is 
desirable for the client to assess and select the best consultant based on certain criteria. 
 
2.3.1 Consultant Selection Procedure 
Fairness and transparency in the recruitment process are vital. This will require that 
engineering consulting firms competing for a specific assignment. There are wide ranges 
of consultant selection methods available being practiced by some public and private 
clients. According to ASCE Manual Update 45 (2003), there are two general method of 
selecting a consultant i.e. cost oriented and qualification oriented. Cost-oriented methods 
emphasize on the competitiveness of consultancy fees rather than other non-price factors 
(FIDIC, 2003). There are few cost-oriented approaches, such as open competitive 
bidding, limited competitive bidding, and negotiations. These methods are used by clients 
for selecting consultants, as the profit could be maximized and the requirements of public 
accountability could be best satisfied so as to safeguard the citizen from being suffering 
losses due to mismanagement and misallocation of scarce monetary resources.   
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
20 
Next, the Qualifications-oriented methods stress the quality standard, suitability 
and capabilities of consultants rather than on competitive pricing (FIDIC, 2003). This 
method is particularly suitable for complex and prestigious projects where high quality 
services are essential, or when innovative solutions are needed for solving special 
problems. The methods are non-price competition, budget system, design competition, 
quality based system and direct appointment. 
In his thesis, Kit (2005) refined the categorization of consultant selection. He 
suggested that cost oriented method can be sub-divided into competitive bidding, limited 
competitive bidding and negotiation. On the other hand, the qualification oriented 
selection consists of non- price competition, budget system, design competition, and 
quality based system  
Recently, World Bank and Asian Development Bank suggested that the 
combination of Quality and Cost based Selection (QCBS) should be the emphasis in the 
consultant pre-qualification (Asian Development Bank, 2007; World Bank, 2004). 
However, both of them also provide a range of a other selection methods such as cost 
oriented and quality oriented selection. Table 2.1 summarizes the available consultant 
selection procedures. 
 
Table 2.1 Consultant Selection Procedure (as adapted from Kit (2005), Asian Development Bank 
(2007) and World Bank (2004)) 
 
Selection 
Type 
Selection 
Method 
Descriptions 
open 
competitive 
bidding 
All interested consultants are invited to submit a fee proposal for a consultancy 
assignment. The selection is solely based on the bid price in which the consultant 
with the lowest bid would be awarded for providing professional services for the 
consultancy assignment 
 
limited 
competitive 
bidding 
A limited number of consultants, usually three to five, are selected and invited to bid 
for the consultancy services. The short-list may be compiled through a formal 
prequalification process or through previous experience or contacts of the client. 
Final selection is normally based on the competitiveness of bid price alone instead of 
scrutinizing consultant’s capabilities in meeting project-specific requirements 
 
 
 
 
 
 
 
Cost-
oriented 
negotiation Client may negotiate with a single candidate or several consultants (competitive 
negotiation). Standard professional fee scales might be used as a basis for 
negotiation with percentage discounts being offered by the consultant. Negotiation 
approach is commonly adopted by private developers for selecting consultants. 
Private developers first describe the project details to their partnering consultants 
and invite them to submit fee proposals, and the final appointment is based on the 
competitiveness of submitted prices by the consultants. 
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Selection 
Type 
Selection 
Method 
Descriptions 
non price 
competition 
Consultants are first prequalified and the final selection is entirely relied on the merit 
of technical proposals submitted only. Remuneration may be calculated according to 
the fee scale published by the relevant professional institution with or without any 
adjustments. However, as the method is lacking of accountability and transparency, 
it is seldom implemented by the public clients 
 
 
 
 
 
 
Qualifica
tion 
oriented 
 
budget 
system 
Client would establish a budget for the consultancy services, and the consultants are 
then required to submit technical proposals according to the services outlined by the 
client. Selection is based on the best technical proposal. The budget system is 
suitable for projects with a fixed budget on consultancy services or when it is 
difficult to identify the extent of services required, e.g. for unanticipated urgent 
maintenance work after uncontrollable disaster, feasibility study, claims evaluation 
and negotiation 
design 
competition 
Prequalified consultants undergo a design competition. It is usually exercised for 
engaging consultants to offer professional services in large, complex and/or 
prestigious projects where innovative design solutions are crucial. Proposals are 
evaluated and the consultants are selected based on the merit and feasibility of each 
design solution (FIDIC, 2003). The design service of all competing consultants is 
usually paid for at cost to avoid the putting up of overall price. 
 
quality 
based 
system 
Consultants are prequalified and invited to submit technical proposals. Consultant 
submitting the best proposal is invited to negotiate the scope of services and 
consultancy fees. If agreement cannot be reached, the consultant who is ranked 
second in the assessment of technical proposal will be considered. This method has 
been adopted widely in developed country such as in Australia and US. 
 
 
direct 
appointment 
Consulting firms are only directly selected in exceptional cases with adequate 
justification such as the condition of the project is critically shortage of expertise for 
certain area. 
 
 
 
Quality and 
Cost  
oriented 
two-
enveloped 
system 
Consultants are prequalified and invited to submit technical and fee proposals. 
Competing candidates are required to submit their offers in two separate envelopes, 
with the first envelope contains the technical proposal for the services and the 
second envelope contains the fee tender for the services (Leung, 1999). The 
evaluation on technical proposals would be carried out without opening the fee 
proposals to ensure the assessors would not be affected from the bid price during 
technical assessment. The fee proposals would be assessed after the completion of 
technical assessment. The final score is computed by applying a pre-agreed technical 
/ fee weightings to the technical and fee scores. The technical / fee weightings are 
different for projects of different scales and complexities but the technical score is 
always the dominant one (FIDIC, 2003). Consultant with the highest final score 
would be awarded. 
 
 
 
 
 
 
 
 
Table 2.1      Consultant Selection Procedure (continued) 
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2.3.2 Consultant Selection Criteria 
Different client have different objectives. Cheung et al (2002) explain that public clients 
are likely to concentrate more on serving the public interest than making profit when 
initiating a development. Cheung et al (2002) also asserted that they might place a greater 
emphasis on the design approach or the quality of the consultant. Table 2.2 summarizes 
the selection criteria proposed by five different parties together with its characteristics.  
 
Table 2.2 Summary of Selection Method and Criterions Adopted by Organizations 
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Selection Methods QBS QBS QBS QCBS 
and 
others 
QCBS 
Selection Criteria      
firm’s qualification      
experience in the same project      
general experience      
knowledge on project location      
integrity      
management capability      
former client’s recommendation      
awards      
rotation basis      
Past Performance      
Expertise      
Methodology in General      
Proposal content      
technical competence      
equipment and facilities      
work schedule      
suitability of organizational chart      
proposal presentation      
current workload      
projected workload      
Staff qualification      
management staff competency      
key personnel competency      
local staff competency      
Economic Stability      
Consultant Fee      
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Table 2.2 shows that different organizations adopt a different set of criteria as a practice 
in their consultant selection.  The compilation was made by observing the government 
manuals and circulars. The general criteria for assessing a consultant may include the 
consultant’s experience, past performance, methodology, workload, staff qualifications, 
expertise, financial capacity, etc. 
 
2.3.3 Importance of Human Factor and Management Judgment 
Based on the behavioural decision theory, human judgment and decision making are 
characterized by biases, errors and the use of heuristics (Nisbet & Ross, 1980). Hence, 
the management process in selection of a consultant is likely to be influenced by these 
biases and heuristics. These factors are subjective and hard to measure because it is 
usually qualitative in nature. The problem of human judgement becomes more complex 
when it involves a group of people. A decision group is the term of a small, self-
regulating, self-contained, task oriented work group that typically focuses on 
organizationally assigned decision making tasks (Alavi & Keen, 1989). The decision 
making procedure has to be performed through negotiation among a group of decision 
makers. Due differences in individual interest, conflicts may arise and support for 
achieving consensus and compromise is required. Therefore, determining the best 
alternative or solutions would requires the aggregation of individual roles, preferences 
and judgement (Zhang & Lu, 2003). The aggregation of decision in a group can be 
modelled precisely by using decision support tools. 
 
2.4 Decision Making in Infrastructure Planning 
In infrastructure planning, the decision making process is a vital part as it may impact the 
overall planning and execution of the project. According to Heijden (1996), decisions 
should be supported by content related information and knowledge. This is a task where 
team member should engage in brainstorming, collaboration and knowledge transfer.  
 According to Simon (1977), there are three phases of decision making, which 
consist of intelligence, design, and choice (Figure 2.2). Later he added implementation as 
a fourth phase. Turban, Aronson, & Liang (2005) recently adapted the four phase 
Simon’s model by inserting the aspect of monitoring. The decision making process starts 
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with the intelligence phase where the reality (real world situation) is examined and the 
problem is identified and defined. There is a continuous flow of activity from intelligence 
to design to choice, but at any phase there may be a return to a previous phase (feedback). 
Formulation and modelling is essential for this process.  
 
Figure 2.2 The Decision Making Phase / Modelling Process (Simon (1977) as 
 adapted by Turban, Aronson, & Liang (2005)) 
 
  According to Heijden (1996) report, most of European countries experience a 
rising complexity in infrastructures planning that is difficult to manage. This is indicated 
by the trend of increasingly longer periods of planning and decision making associated 
with projects. Some projects may exceed to ten years of planning due to several factors 
such as technical, financial, management bureaucracy, organizational affairs, culture, 
societal and political influences.   
Reality 
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  The variety of different stakeholders may contribute to group conflict due to 
differences in personal judgment. Hence, these trends increase the available alternatives 
and contribute to complexities of current decision-making process. For instance, the past 
mistakes were illustrated in the Dutch freight rail line project (Heijden, 1996). This is an 
example of chaotic project planning not based on a broad societal consensus and many 
aspects of uncertainties were ignored. 
  Other more refined management judgement problems related to infrastructure 
project planning and decision making was studied by Niekerk & Voogd (1999). In line 
with Grigg’s model, these problems can be illustrated by referring the functional tasks 
ranging from strategic to operational level. Table 2.3 lists possible problems in decision 
making throughout planning stages. It can be seen that most of the problems concern a 
variety of alternatives and uncertainties. Research also shown that most infrastructure 
projects from many countries share the same characteristics in term of management 
aspects, shortcoming, cause of drawback and solutions (Flyvbjerg, 2005). Planning and 
decision making often occurs as a multi-actor processes with conflicting interest among 
project team.  
 Table 2.3 Problems Related to Infrastructure Planning and Decision Making in Strategic and 
Operational Level (Niekerk & Voogd, 1999) 
 
Strategic Level Operational Level 
• Alternatives are often too broad an abstract. 
• Insufficient information about the effects of 
alternatives. 
• Insufficient information about the possibilities 
and effects of mitigating the flanking policies 
• It is difficult to generate direct feedback from 
public and politics 
• Insufficient information and, hence, 
fundamental discussions about strategic issues. 
• Insufficient information about the possibilities 
and effects of mitigating and “flanking” 
policies. 
• Increase of uncertainty due to societal 
dynamics of plan-making process because of 
involvement of local politics and interest 
groups 
  
 
2.4.1 Integrating Decision Making Technology in Infrastructure Planning 
Based on the classical Grigg’s model, a more recent framework specifically focusing on 
policy-making process was introduced (Howes & Robinson, 2005). One of the most 
fundamental issues in the delivery of infrastructure concerns the type of infrastructure 
required and how it should be provided. The policy framework influences the level of 
infrastructure provision and production and depends on policy objectives, the 
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implementing institutions, levels and type of resources, knowledge, information and 
communication systems and the environment (Howes & Robinson, 2005). This 
framework has shown that there is a need to adopt IT as a driving force to enhance 
decision making within infrastructure planning (Figure 2.3). Therefore, most managerial 
decisions can be assisted by using Decision Support System (DSS). 
 
Figure 2.3 Elements of Policy Making Process (Howes & Robinson, 2005) 
 
DSS are computer programs that aid users in problem solving or decision-making 
environment. The system have detailed knowledge, data, models, algorithms, user 
interfaces, and control mechanisms to support a specific decision problem  (Bhargava & 
Tettelbach, 1997). They are especially valuable in situations in which the amount of 
available information is prohibitive for the intuition of an unaided human decision maker. 
Furthermore, DSS can aid human cognitive deficiencies by integrating various sources of 
information, providing intelligent access to relevant knowledge, and aiding the process of 
structuring decisions. 
Awerweg (2008) has recently provided a decision support framework which 
integrates the structured, semi-structured and unstructured problem with a type of control 
and technology that can be supported. From Table 2.4, DSS and other Artificial 
Intelligence (AI) techniques can be adopted in semi-structured and unstructured type of 
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type of resources 
amount of resources 
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problem. The structuredness of a certain problem might be influenced by the type of data 
and complexity of problem to be solved. 
 
Table 2.4   Decision Support Framework (adapted from Averweg (2008)) 
 Type of Control 
Type of 
decision 
Operational 
Control 
Managerial Control Strategic Planning Support Needed 
Structured account receivable, 
order entry 
Budget analysis, 
short-term 
forecasting, 
personnel reports, 
make-or-buy analysis 
Financial 
management 
(investment), 
warehouse location, 
distribution system 
MIS, OR models, 
transaction 
processing. 
Semi-
Structured 
production 
scheduling, 
inventory control 
Credit evaluation, 
budget preparation, 
plant layout, project 
scheduling, reward 
system design 
Building of new 
plant, mergers and  
acquisitions, new 
product planning, 
quality assurance 
planning, 
DSS 
Unstructured Selecting a cover for 
a magazine, buying 
software, approving 
loans 
Negotiating, 
recruiting an 
executive, buying 
hardware 
R&D planning, new 
technology 
development, social 
responsibility 
planning 
DSS, AI 
techniques 
Support 
Needed 
MIS, management 
science 
Management science, 
DSS, ES, EIS 
EIS, ES, DSS, neural 
networks 
 
 
 
2.4.2 DSS in Infrastructure Planning 
A lot of research on DSS in planning has been conducted to date (Ibrahim et al., 2002a; 
Kahraman et al., 2003; Shapira & Goldenberg, 2005). However, most of the models are 
impractical since they are complicated and difficult for a layman such as project 
managers to use. It is desirable to suppress those complexities in the models by an 
advanced DSS which can offer simple, effective and efficient tools towards better 
decision making. Some researchers only concentrate on model development and discards 
important computer science fundamentals, e.g. software engineering, information 
management and human-centred computing (Ibrahim, Mike, Sami & Alex, 2002b; 
Kahraman et al., 2003; Manoharan, 2005; Shapira & Goldenberg, 2005). Some 
researchers have attempted to adopt computing essence in their model development 
(McCowan & Mohamed, 2002). However, they often imposed incorrect terms which led 
to erroneous concepts of software development modelling (Omar, Trigunarsyah & Wong, 
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2011). As a result, most of the models and methods are not being used or have limited 
impact for real-world decision making (Qijia et al., 2005). 
 According to Turban et al. (2005), DSS components may adopt the essence of 
software engineering concepts such as model management, subsystem and knowledge-
based management systems. From a software engineering perspective, the user-centred 
design concept such as user interface is one of the vital components for DSS 
development. In addition, the data-management subsystem is also another critical module 
in DSS development. Those features can be made available to a group of end users via 
communication framework and technology. Indirectly, Turban (2005) proposed that a 
component of DSS may adopt computing area sub-fields such as software engineering, 
networking and communication, information management and human computer 
interaction. 
Due to the lack of certain software aspects, it is desirable for DSS in this area to 
provide more simplicity, a better collaborative platform, efficient data manipulation and 
reflection to user needs, particularly in consultant selection for public infrastructure 
projects. Chapter 3 describes the current DSS capability to support various problems in 
construction field in detail. 
 
2.5 Chapter Summary 
Public infrastructure projects are sophisticated and dynamic in nature. As a result, it is 
vital to establish good teamwork which can contribute to a successful project. Partnering 
in an infrastructure project is a good option if the client does not possess adequate 
knowledge in certain areas. Nevertheless, selecting the right consultant might not be a 
trivial task and demand a transparent of selection process. Bias or vagueness in choosing 
the best consultant might influence human decision making. In many countries, most 
infrastructure projects share the same characteristics in term of management aspects and 
shortcomings. Human factors are believed to be the major drawbacks due to the nature of 
unstructured problems and can further contribute to management conflicts. This growing 
complexity in infrastructure projects has shifted the paradigm of policy makers to adopt 
ICT as a driving force. Therefore, lots of tools have been developed to assist decision 
making in construction project management. The variety of uncertainties and alternatives 
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in decision making can be entertained by using a tool such as DSS. However, recent 
trends shows that most DSS research in this area only concentrate on model development 
and neglect some fundamentals of computing. As a result, most of the tools are 
complicated and lacking in benefits to support decision making. 
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"It is the theory that decides what can be observed.” 
 
Albert Einstein 
 
 
Chapter 3: Decision Support 
System in 
Construction 
Project Delivery 
 
 
 
 
 
3.1 Introduction 
 
Based on the premise that DSS is a feasible way to assist decision makers for 
infrastructure project as revealed in Chapter 2, this chapter presents an in-depth review 
and current practices of DSS, particularly in construction project management. The 
chapter starts with an overview of DSS history and current development in various 
disciplines and then focuses more on the applications in the construction field. 
Substantial number of researches on the use of DSS in construction planning phase have 
been conducted in the last two decades. However, the lack of focus on computing aspects 
has opened gaps in DSS development. Thus, the subsequent section concentrates on 
computing components related to DSS, specifically in the Requirement Engineering 
processes such as requirement elicitation, requirement analysis, requirement definition, 
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prototyping and requirement review. The chapter demonstrates research gaps and 
investigates the state-of-art for the DSS development, specifically in Consultant Selection 
Problem (CSP), based on Requirement Engineering approaches. 
 
3.2 An Overview of Decision Support System 
Historically, DSS research began in the 1960s where the emphasis of the researches was 
more on conceptual aspects of decision making (Simon, 1960, as cited in Angehrn & 
Jelassi, 1994; Anthony, 1965, as cited in Shim et al., 2002). Later, a more refined 
decision support framework was developed which incorporated categories of 
management activities and descriptions of decision type (Gorry & Morton, 1989). These 
include management activities such as strategic planning, management control and 
operational control. The proposed framework is a combination of Antony’s (1965) 
management activities and Simon’s (1960) explanation of decision types, which 
comprises structured, unstructured and semi-structured. 
 Since then, various DSS related studies have been carried out in diverse areas of 
decision making. A dramatic DSS improvement and development evolved in nearly half 
century, with substantial growth in application areas and supportive technologies. In 
1970s, researches concentrated heavily on decision model development and technology 
to support single users (Bhargava, Power & Sun, 2007). In mid 1980s, Group Decision 
Support Systems (GDSS) or just Group Support System (GSS) was developed to 
facilitate brainstorming, idea evaluation and communication to support team problem 
solving (Shim et al., 2002). Furthermore, the concept of Executive Information Systems 
(EIS) was established to expand the concept of DSS to support decision making from 
personal use to small group or corporate level (Turban, Aronson & Liang, 2005).  
In the 1990s, the communication infrastructure was enhanced by the concept of 
client-server computing. This development has influenced DSS research to adopt this 
technology and the previous mainframe-based DSS became obsolete (Bhargava et al., 
2007). In addition, several firms introduced a new kind of data-oriented decision support 
via the use of online analytical processing (OLAP) tools (Turban et al., 2005). In the 21st 
century, the emergence of the internet has taken DSS research to a new dimension. 
Within this period, many supportive technologies have been developed. The integration 
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of concepts of data warehouse, data visualization and Artificial Intelligence (AI) 
techniques has drawn attention from many researchers from diverse area (Turban et al., 
2005). In the near future, the trend of DSS development is projected to experience a rapid 
growth on the application area and the supportive technologies (Bhargava et al., 2007).   
According to a survey by Eom & Kim (2006), the DSS application areas can be 
broadly divided into corporate functional management fields (73.33% of the total 210 
applications articles) and other areas (26.67%) (Table 3.1) 
 
Table 3.1  Distribution of DSS Application Area in the Literature (Eom & Kim, 2006) 
 
 Corporate functional 
management 
Coverage in DSS Literature 
Inter organisational decision 2% 
Strategic management 4% 
Human Resource 4% 
Finance 6% 
Multi-Functional Application 8% 
MIS 14% 
Marketing/ Transportation 18% 
 
 
 
Corporate functional 
management 
(73.3%) 
Production/Operation 44% 
   
Agriculture 7% 
Urban/Communication Planning 7% 
Military 11% 
Natural Resources 13% 
Hospital / Healthcare 13% 
Misc 14% 
Education 16% 
 
 
Non-corporate functional 
management 
(26.75) 
Government 20% 
 
 
The above data were compiled from two well-known online data sources: (1) The 
Global edition of ABI/INFORM, which is available on the web through ProQuest and (2) 
Academic Search Premier database, the world’s largest scholarly which is managed by 
the EBSCO information services. Articles are broadly divided into corporate functional 
management (154 articles) and non-corporate areas (56 articles). Corporate functional 
management accounts for 73% of the application articles and is further divided into eight 
functional areas. On the other hand, 27% of the applications are related to non-corporate 
subjects and further subdivided into eight areas. 
In corporate area, DSS applications are developed for Production Operation and 
Management (44.16%) followed by marketing, transportation, and logistics (17.53%), 
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MIS (13.64%), and multifunctional areas (8.44%). Meanwhile, in the non-corporate area, 
usage of DSSs was widely spread between two dominant sectors of government (19.64%) 
and educational institutions (16.07%). Other non-corporate areas appear in miscellaneous 
manner, (14.29%), natural resources (12.5%), hospital and healthcare (12.50%), military 
(10.71%), urban/community planning and administration (7.14%), and agriculture 
(7.14%) (Eom & Kim, 2006). 
Based on the above data and due to the multidisciplinary nature of DSS research, 
we can assume that DSS for construction project management may lie in the area of 
strategic management, government, natural resources, urban/community planning and 
agriculture. These applications might include DSS for construction problems such as 
contractor selection, consultant selection, project procurement evaluation, preservation of 
civil infrastructure, etc. As a result, DSS has been proven to be a significant and popular 
approach to solve construction management decision making problem. Since most of 
researchers come from non-computing background, most DSS research in construction 
tend to focus in decision model development rather than the computing aspect of DSS. 
Clearly, it is identified that computing aspects in DSS development for construction area 
are not well covered in the literature. Thus, the next section will discuss in more details 
on the current state of DSS development in construction.  
 
3.3 Problems in DSS Implementation for Construction Infrastructure Project 
Designing useful artefacts is complex due to the need for creative advances in domain 
areas in which existing theory is often sufficient as technical knowledge grows. IT is 
applied to a new application area that was not previously believed to be amenable to IT 
support (Hevner et al., 2004). This is especially true in the construction industry today as 
the industry increasingly adopts information technology for use in new and innovative 
ways.  
Recent advances in decision making technology have been spread into a wide and 
diverse area particularly in project management. A growing interest of DSS in 
construction project management has been identified as a promising and interesting 
research area. Many researches have been conducted within  project management life 
cycle phase including the initiation, planning, design and development, detailed design, 
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procurement, manufacture and construction, commissioning and operation and 
maintenance (Harris & McCaffer, 2001). 
 From the late 1990s onwards, it is obvious that contribution of DSS applications 
in construction project grows significantly. With faster hardware and advanced software, 
DSS has been used as a tool to support decision making throughout project delivery life 
cycle phases. Most of these researches have been applied in the planning phase with 
different kind of applications and decision models. Yet, there were also efforts to deploy 
DSS in construction management stages such as at design (Sarka et al., 2008; Tam, Tong 
& Chiu, 2006), procurement (Kumaraswamy & Dissanayaka, 2001) and operation & 
maintenance phase (Oad, Garcia, Kinzli, Patterson & Shafike, 2009; Shen & Grivas, 
1996). At this stage, combinations of AI, MCDM (Multi Criteria Decision Making) and 
statistical techniques have been utilized. These decision models were explored 
extensively to solve a particular problem in construction.  
 In recent years, DSS researchers in construction are moving forward to solve 
MCDM problems particularly in planning phase. Typically, MCDM techniques such as 
Analytical Hierarchical Process (AHP), Analytical Network Process (ANP) and 
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) with a 
combination of fuzzy technique are the most utilized for qualitative based DSS. It is 
applied to a wide range of construction application such as project delivery selection (Al 
Khalil, 2002; Cheng & Li, 2005; Dey, 2006; Molenaar & Songer, 2001; Sarka et al., 
2008), contractor selection (Ibrahim et al., 2002a), supplier selection (Kahraman et al., 
2003), equipment selection (Shapira & Goldenberg, 2005), and consultant selection (Al-
Besher, 1998; Cheung et al., 2002; Kit, 2005). Apart from that, there is also a DSS that 
has been implemented to evaluate concession project investment by using mathematical 
modelling and finance analysis (McCowan & Mohamed, 2002). Other applications were 
dedicated to selection of best value bid (Lin, Wang & Yu, 2008) and to support value 
management workshop (Shichao, Qiping & Kelly, 2008). The full details of DSS 
applications are listed in Appendix A1. 
The recent practices of DSS in construction have shown that more complex 
decision models were deployed whereas there are only little computing aspect discussed. 
It is also identified that decision models were complex and does not represent a robust 
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DSS as they heavily emphasis on decision model rather than the practical usage in real 
world i.e. via computerized system. Decision models were impractical and unused as it is 
complicated or difficult to be used by a layman such as a project manager (Peters & 
Zelewski, 2008; Qijia et al., 2005). It is desirable to hide the abstractions of decision 
models via DSS implementation. Theoretically, in order to develop a robust and complete 
program, DSS researcher should define and analyse the requirement of the system with a 
series of DSS prototypes development (Tsui & Karam, 2007). The deliverables of these 
activities is the software specifications which have been reviewed by the system users. 
The main problem identified was that most DSS in the area of construction project 
management were lack of software specifications to encapsulate the abstraction of highly 
complex decision models.  
In the context of CSP, the same problem was derived where researchers are 
focusing more on model development (Al-Besher, 1998; Chow & Ng, 2007). Although 
there is an effort to develop a stand-alone prototype for CSP (Cheung et al., 2002), the 
prototype is considered to be an ad-hoc integration where there are no details discussed 
on the aspect of design, development and evaluation. Instead, the explanations were only 
concern on decision model development. Thus, this may lead to an unsuccessful system 
due to the lack of software specifications aspect. Software specification is a description 
for a particular software product, program, or set of programs that performs certain 
functions in a specific system environment ("IEEE recommended practice for software 
requirements specifications," 1998). 
Sufficient software engineering efforts are vital to provide efficient and better 
software development. However, most studies overlooked the importance of software 
specification in construction. This can be achieved by conducting a systematic approach 
in one of the software engineering life cycle which is called Requirement Engineering 
(RE) (Tsui & Karam, 2007). RE is vital for software development particularly in the 
initial process of software development. A number of studies show that systems fail due 
to inadequate or insufficient understanding of the requirements they seek to address (van 
Lamsweerde, 2000). Furthermore, the amount of effort needed to fix these systems has 
been found to be very high (Johnson, 1995). RE process is dedicated to elicit, model, 
prototype, evaluate and specify the software requirements in a certain problem domain. 
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However, most researches in construction area does not exploit this aspect before 
proceeding to the implementation phase of DSS. This scenario has led to the ignorance of 
many computing aspects. 
Tsui & Karam (2007) suggested that RE process should consist of a few basic 
steps such as requirement elicitation, requirement analysis, requirement definitions, 
prototyping, requirement evaluation and requirement specifications. These fundamentals 
in DSS development are often ignored by literatures in construction. As a result, based on 
Table 3.2, huge gaps were identified in RE process for solving construction project 
management problems. This table has been simplified from Appendix A1 where various 
DSS applications have been developed within the infrastructure life cycle i.e. planning, 
design, procurement, operation and maintenance. 
Throughout the project life cycle, requirement elicitation phase seems to be 
dominance as an initial step in DSS development. Most literature mentions their approach 
on the elicitation process and it is well covered. However, in the requirement analysis 
phase, most studies discard the conceptual model where none of them describe on how to 
leverage the software modelling aspect together with the decision modelling. It is vital for 
a new system to be designed by mapping the decision model to its environment such as 
actor, data, business logic, constraint, etc. Only a few literatures were identified to 
describe the requirement definitions for their DSS. However, the designs are just an ad-
hoc integration of data management and data communication features. There are no 
details discussed on the conceptual model or design. Furthermore, researchers were only 
interested to evaluate the utility of the decision model rather than DSS as a whole. As a 
result, another gap was identified where there is no usability inspection that has been 
conducted. For these reasons, most studies in construction are incapable to figure out 
their software specifications that can be useful to hide the complexities of decision 
models in DSS. By considering these motivations, the next sections strive to illustrate the 
state-of-art in RE process which can be useful to guide the development of DSS. This 
investigation is the strategy to explore the RE process in depth, which will be utilized in 
the development of DSS for Consultant Selection Problem in the later chapters. 
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Table 3.2 The Current State in RE Process for Construction Project Management Problems 
Requirement Engineering in Decision Support Systems 
Prototyping DSS Evaluation Soft. 
Spec 
Decision Models Utility Usability  
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Typical examples of construction 
problems 
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on 
 
Req. 
Analysis 
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Def. Data 
Mgmt 
Data 
Comm. AHP /ANP TOPSIS Others 
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Supplier selection (Boer, Wegen & 
Telgen, 1998), consultant selection (Al-
Besher, 1998), contractor selection 
(Sonmez, Holt, Yang & Graham, 2002),  
project selection (Dey, 2006), project 
delivery selection (Al Khalil, 2002), 
equipment selection (Shapira & 
Goldenberg, 2005), personnel selection 
(Gungor, Serhadlioglu & Kesen, 2009). 
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DSS for design problem in construction 
(Tam et al., 2006), A development of 
generic DSS model for construction 
management (Sarka et al., 2008) 
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DSS for building project procurement 
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Abbreviations:   Mgmt.= Management; Req. = Requirement; Comm.=Communication Soft.= Software; Def.= Definition; Spec.= Specifications. 
Legends:              = Thorough process execution;           = Ad-hoc process integration
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3.4 Requirement Engineering for DSS in Construction Project Management  
Researches have shown that many large software projects fail because of inadequate 
requirements (van Lamsweerde, 2000).  These projects were found to have insufficient 
software specification. Software specification can be refered as a formulation in terms of 
objects manipulated by the software, in a vocabulary accessible to programmers (van 
Lamsweerde, 2000). They capture required relations between input and output software 
objects. As outlined in Table 3.2, DSS researchers in construction project management 
mostly ignored RE concept. These studies were able to capture its requirement in terms 
of stakeholder’s point of view, yet the requirements were not translated into software 
specifications. This may lead to an unsuccessful DSS system. The success of a software 
system depends on how well it fits the needs of its users and environments (Bashar & 
Steve, 2000). To solve the problem, DSS should adopt software specification as a vital 
component on its implementation to bridge the gaps. In other words, software 
specification can be considered as a vocabulary between stakeholders’ and programmers’ 
point of view. Software specification can be modelled via one of the software engineering 
processes which is called Requirement Engineering (RE) (Tsui & Karam, 2007).  
According van Lamsweerde (2000), RE is concerned with the identification of the 
goals to be achieved by the envisioned system, the operationalisation of such goals into 
services and constraints, and the assignment of responsibilities for the resulting 
requirements to agents such as humans, devices, and software. Meanwhile, Nuseibeh & 
Easterbrook (2000) suggested that RE is a process of discovering the purpose of the 
software, by identifying stakeholders and their needs, and documenting these in a form 
that is amendable to analysis, communication, and subsequent implementation. In short, 
RE is the process by which the requirements of the software are determined (Cheng & 
Atlee, 2007).  
Successful RE involves understanding the needs of users, customers, and other 
stakeholders; understanding the contexts in which the to-be-developed software will be 
used; modelling, analysing, negotiating and documenting the stockholder’s requirements; 
validating that the documented requirements match the negotiated requirements and 
managing requirement evolution (Cheng & Atlee, 2007). From these definitions, it is 
obvious that the quality of software requires a step-by-step or structured process of 
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software development. Therefore, a framework of RE process has been proposed, as 
presented in Figure 3.1. 
 
Figure 3.1       A Requirement Engineering Process (Tsui & Karam, 2007) 
 
 
Typically, requirement elicitation is essential to gain initial understanding and the 
context of the problem. This technique will guide the decision model development for the 
DSS. In the context of CSP, it is identified that there are no efforts to extend from the 
requirement elicitation process to software specification (Al-Besher, 1998; Cheung et al., 
2002; Chow & Ng, 2007). Development of software specification is a daunting task as it 
follows a structured step such as elicitation, analysis, design, prototyping, evaluation and 
documentation. These are the missing elements of the DSS development in construction 
discipline. The lack of specifications has led to unused model due to its failure to hide its 
complexity (Qijia et al., 2005). The specifications may adopt few techniques from 
software engineering modelling such as Entity Relationship Diagram (ERD), Data Flow 
Diagram (DFD), Unified Modelling Language (UML), or even formal mathematical 
notations language (Tsui & Karam, 2007). Software specification is the final deliverables 
of RE process.  
Based on Figure 3.1, there are six basics of RE process i.e. Requirement 
Elicitation, Requirement Analysis, Requirement Definition, and Requirement 
 
Requirements 
elicitation 
Requirements 
Analysis 
Requirements 
Definition 
Requirements 
Prototyping 
Requirements 
review 
Software 
Requirements 
Specifications 
Requirements 
agreement 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
40 
Documentation. Thus, the following sections will explore in details the state-of-art in RE 
process.  
 
3.4.1 Requirement Elicitation 
Elicitation of requirement can be regarded as an initial step in the RE process where the 
name itself suggests to “capture” the needs of problem domain. It is at this point the 
process where the needs of the users and goals for the system are determined. 
Requirement elicitation can be broadly defined as the acquisition of goals, constraints, 
and features for a proposed system by means of investigation and analysis (Coulin & 
Zowghi, 2005). Information gathered from the elicitation process usually has to be 
interpreted, analysed, modelled, and validated before proceeding to the system 
development (Finkelstein, 1994). In order to achieve that, it is desirable to determine the 
requirements to elicit and the available elicitation techniques. Therefore, most literatures 
concern on two aspects of requirement elicitation i.e. requirement to elicit and elicitation 
techniques (Rolland & Prakash, 2000). 
 
i) Requirement to Elicit 
This step will require an active involvement of domain expert. The knowledge of the 
expert is then extracted together with other secondary sources such as documents, 
manuals, government circular, etc. Tsui & Karam (2007) suggested that there are two 
types of requirement elicitations i.e. high level requirement and detailed requirement. 
 
• Eliciting High-Level Requirement 
Based on Coulin & Zowghi’s (2005) report, one of the most important goals of 
elicitation is to find out what problem needs to be solved, and hence identify the system 
boundaries. The report also suggests that elicitation should begin with an informal and 
incomplete high-level mission statement for the project. Basically, it is sufficient to 
have the stakeholders and user classes, goals, and tasks (Nuseibeh & Easterbrook, 
2000).  
Identifying the stakeholders is vital as the individual or organization will 
determine whether the DSS provides a successful or failed system. Typically, 
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stakeholders in infrastructure planning might consist of land owner, clients, statutory 
bodies, developers, consultants, financiers, etc (Howes & Robinson, 2005). Next, the 
goal of the system should be identified. It denotes that the objectives a system must 
meet. Finally, the tasks refer to the activities currently performed, associated with the 
user. Thus, the viewpoint of domain expert is important to be sought out in order to 
understand the business role and justification for the software. 
 
• Eliciting Detailed Requirements 
In this phase, the detailed elicitation will be conducted after the high level requirements 
are gathered. As illustrate in Figure 3.2, there are six main categories of information 
that should be addressed (Tsui & Karam, 2007). The six dimensions of requirement 
consist of  (1) individual functionality, (2) business flow, (3) data, formats and 
information needs, (4) systems with other interfaces, (5) user interfaces, and (6) other 
constraints such as performance, reliability, and security.  
 
Figure 3.2    The Six Dimensions of Requirements (Tsui & Karam, 2007) 
 
Generally, user interface is important as it is one of the aspects in usability. It 
usually involves human factor in order to model the user interface requirement. Adikari 
et al. (2008), provided a well defined user interface requirement for an existing system. 
There are 7 attributes needed to be considered during designing a system such as (1) 
user needs and expectations, (2) existing knowledge and skills, (3) existing experience, 
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(4) user goals and tasks, (5) physical attributes, (6) cultural factors, and (7) attitude 
information. These attributes are important to get an initial view of the needs and 
expectations of a client before prior system implementation.  Figure 3.3 depicts the user 
model of an existing or legacy system. 
 
Figure 3.3 Conceptual User Model for a Legacy System (Adikari, 2008) 
  
 
ii) Elicitation Techniques 
According to Nuseibeh & Easterbrook (2000), there are six types of elicitation technique 
existing in the literature i.e. traditional, group elicitation, prototyping, model-driven, 
cognitive and contextual techniques. The following Table 3.3 describes each of those 
techniques. 
Table 3.3    Requirement Elicitation Technique 
Elicitation Technique Descriptions 
 
 
Traditional 
Traditional techniques includes a broad class of generic data gathering 
techniques such as the use of questionnaires and surveys, interviews, 
and analysis of existing documentation such as organizational charts, 
process model or standards and user or other manuals of existing 
systems (Goguen & Linde, 1993).  
 
 
 
 
Group Elicitation 
The most common form of this technique is Joint Application 
Development (JAD) and Rapid Application Development (RAD) 
(Yatco, 1999). JAD is as an interactive systems design concept 
involving discussion groups in a workshop setting (Soltys & Crawford, 
1999).  JAD can be defined as a requirement gathering tool to be used in 
conjunction with RAD (Soltys & Crawford, 1999). 
 
 
 
Prototyping 
Prototyping is a process of building a model of a system. This technique 
is suitable if there is a lot of uncertainty about the requirement, or where 
early feedback of the user is needed (Davis, 1992). In terms of an 
information system, prototypes are employed to help system designers 
build an information system that intuitive and easy to manipulate for end 
users (Akers, 2000). 
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Elicitation Technique Descriptions 
 
Model Driven 
Model driven techniques provide a specific model of the type of 
information gathered (Nuseibeh & Easterbrook, 2000). This includes a 
goal-based method and scenario-based methods. 
 
Cognitive Cognitive approach includes protocol analysis, laddering, card sorting, 
and repertory grids (Nuseibeh & Easterbrook, 2000). Protocol analysis 
is perform when participants execute an activity or task while talking it 
aloud (Goguen & Linde, 1993). Repertory grids involve asking 
stakeholders to develop attributes and assign values to a set of domain 
entities (Within, 2009). Laddering concept refer to an activity by asking 
the stakeholders a series of short prompting questions and require them 
to arrange the resultant information into an organized hierarchical 
structure (Chen, Khoo & Wei, 2002).  Card sorting has been used for 
several decades, and it is useful for finding out how people categorize 
things (Linda, Gordon & Barbara, 2001). 
 
Contextual Nuseibeih & Easterbrook (2000) added a technique called ethnography 
into contextual category. Ethnography is the process of involvement of 
analyst to the normal activities of the users over an extended period of 
time whilst collecting information on the operation being performed 
(Hughes, O'Brien, Rodden & Rouncefield, 1995). 
 
 
Among the aforementioned techniques, traditional techniques, such as interview, 
are the most commonly used technique in requirement elicitation mentioned in the 
literature (Coulin & Zowghi, 2005). For instance, a research on RE have also used this 
approach and it was found to be very successful to elicit the requirement (Leite & Gilvaz, 
1996).  This is because interviews are essentially human based social activities and 
inherently informal (Goguen & Linde, 1993).   
 It is generally accepted that there is not only one technique suitable for elicitation 
(Coulin & Zowghi, 2005). Nuseibeh & Easterbrook (2000) asserted that the choice of the 
techniques to be employed is dependent on the specific context of the project and is often 
a critical factor in the success of the elicitation. In the context of CSP, literature review 
shows that the traditional method such as semi-structured interview can be employed to 
elicit the overall view (Al-Besher, 1998). This approach provides an in depth 
understanding of system and user requirements, selection process, and the criteria for 
CSP. Previous researches in construction project management show that, semi-structured 
can provide valuable information for CSP type of research (Al-Besher, 1998). Once the 
elicitation process has been done, the next step is the software requirement analysis. 
 
Table 3.3    Requirement Elicitation Technique (continued) 
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3.4.2 Requirement Analysis 
Requirement analysis is the second step of requirement engineering. The purpose of this 
step is to develop software conceptual model for consultant selection. As the system 
requirement and user modelling aspects have been elicit from the previous section, one 
can easily model the requirement analysis which can combine the enterprise modelling 
design and decisional modelling aspect. Tsui & Karam (2007) revealed that even after the 
requirement are elicited and collected, there are still just unorganized data that need to be 
analysed. Requirement analysis is rarely being discussed and not well defined in most 
DSS literatures. Only a few attempts have been made to adopt requirement analysis for 
DSS in their implementation (Giorgini, Rizzi & Garzetti, 2008; Lee & Rao). While many 
of DSS studies in different areas overlooked the importance of software engineering, 
Giorgini et al. (2008) have come out with a better framework to integrate conceptual 
modelling and decision model in requirement analysis.  
In construction, the term “requirement analysis” is very rarely used as previously 
indicated in Figure 3.1. Requirement analysis has not been explored completely due to 
the heavy focus on decision model development. It is essential to study the software 
conceptual model of DSS which integrates the enterprise modelling and decisional 
modelling for CSP.  According to Leondes et al. (1992), enterprise modelling is the 
abstract representation, description and definition of the structure, processes, information 
and resources of an identifiable business, government activity, or other large 
organizations. On the other hand, decisional modelling concentrates on the algorithm of 
the DSS engine to perform the ranking of consultants. The deliverables of requirement 
analysis is the software conceptual design. It will provide a blueprint for the next RE 
stage to develop the prototype of DSS for CSP. 
Rolland & Prakash (1999) categorised three approaches of requirement analysis 
i.e. goal driven, scenario, and coupling of goals and scenarios approach. The following 
sub section will describe these methods: 
 
 
 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
45 
Table 3.4    Requirement Analysis Approach and related Techniques 
Requirement 
Analysis 
Category 
 
Technique 
 
Descriptions 
 
 
 
KAOS 
KAOS (Knowledge Acquisition in autOmated Specification) formal 
framework based on temporal logic and AI refinement techniques where 
all terms such as goal and state are consistently and rigorously defined 
(van Lamsweerde, 2009). The main emphasis of KAOS is on the formal 
proof that the requirements match the goals that were defined for the 
envisioned system.  
 
 
 
 
NFR 
Non-Functional Requirements (NFR) approach is based on the notion of 
soft goals rather than (hard) goals (Mylopoulos, Chung & Yu, 1999). A 
soft goal is satisfied rather than achieved. Goal satisfying is based on the 
notion that goals are never totally achieved or not achieved (Mylopoulos et 
al., 1999). 
 
 
 
GBRAM 
Goal-Based Requirements Analysis Method (GBRAM) defines a top-down 
analysis method refining goals and attributing them to agents starting from 
inputs such as corporate mission statements, policy statements, interview 
transcripts etc (Anton, 1996a).  
 
 
 
 
   Tropos 
Tropos is an agent-oriented software development methodology (Bresciani, 
Giorgini, Giunchiglia, Mylopoulos & Perini, 2004). This approach utilizes 
the concept of agent goal, and related notions are used to support all 
software development phases, from early requirement analysis to 
implementation (Giunchiglia, Mylopoulos & Perini, 2003). Tropos differs 
from other goal-oriented methodologies since it moves the notions of agent 
and goal to the early stages of software development (Giorgini et al., 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Goal Driven 
Approach 
UML Unified Modelling Language (UML) is a standardised general purpose 
modelling language (Tsui & Karam, 2007). It combines techniques from 
data modelling business modelling, object modelling, and component 
modelling (Windle & Abreo, 2003). It can be used with all processes, 
throughout the software development life cycle, and across different 
implementation technologies (Tsui & Karam, 2007) 
 
 
 
Scenario 
based 
Approach 
 
 
 
 
SCRAM 
SCenario based Requirements Analysis Method (SCRAM) concern on 
scenario modelling. Scenarios are the representations of the real world 
(Sutcliffe, 2003). During requirements analysis the scenarios are 
generalized to models. Eventually these models and specifications get 
transformed into designs that are finally implemented (Misra, Kumar & 
Kumar, 2005 ). From DSS point of view, this method is suitable for 
simulation type of research where the elicitation approach were made 
through a series of iterative different scenarios (Some, Dssouli & Vaucher; 
Uygun, Öztemel & Kubat, 2009) 
 
 
Coupling 
goals and 
scenario 
 
ESPRIT 
CREWS 
ESPRIT CREWS focuses more on goal definition and the linking of goals 
to stakeholders’ actual needs by linking goals and scenarios (Rolland, 
Souveyet & Achour, 1998). This technique is also suitable for a research 
with an intention to conduct simulation type of research. 
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Goal-driven requirements engineering takes the view that requirements should 
initially focus on the why and how questions rather than on the question of what needs to 
be implemented (Regev, 2001). Goals can be interpreted as a targets for achievement 
which provide a framework for the desired system (Anton, 1996b). Generally, goals are 
high level objectives of the business, organization, or system. Rolland & Prakash (1999) 
asserted that goal driven should include the enterprise modelling which explains the why 
part of the system requirement. There are a variety of methods that have been developed 
by different researchers such as KAOS (Knowledge Acquisition in autOmated 
Specification) (van Lamsweerde, 2009), Non-Functional Requirements (NFR) 
(Mylopoulos et al., 1999), Goal-Based Requirements Analysis Method (GBRAM) 
(Anton, 1996a), and Tropos (Bresciani et al., 2004; Giunchiglia et al., 2003).  
Other modelling approaches in requirement analysis such as UML have been 
proposed in most IS literatures to capture organizational aspects during requirements 
analysis. However, such approaches do not provide adequate formalisms and techniques 
to map high-level user’s goals, design models and decision model. Only Giorgini’s et al. 
(2008) work provides a substantial improvement specifically for requirement analysis in 
DSS. Instead of retaining the enterprise modelling, Giorgini et al. (2008) enhanced the 
current goal-driven approach by adding the decision modelling in DSS development. This 
new method is called GRAnD which is purposely to design a data warehouse for DSS. 
Enterprise modelling is an abstract representation, description and definition of the 
structure, processes, information and resources of an identifiable business, government 
activity, or other large organization (Leondes, Henry & Jackson, 1992). Meanwhile 
decisional modelling can be regarded as an Operation Research (OR) technique that uses 
a lot of mathematical abstraction to solve a decision problem.  
 GRAnD has been demonstrated to be useful for requirement analysis that is to be 
adopted in DSS to link up enterprise modelling and decision model. It can provide 
guidance to a complete design of DSS engine and would further assist to a well defined 
DSS implementation. This method extends the Tropos modelling technique by adding 
some new features. It builds a knowledge representation approach to information system 
development. In comparison with other approaches, Tropos offers a better framework 
compared to other RE techniques such as KAOS, i*, Gaia, AALL & Mase and AUML 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
47 
where some of them only concentrate on certain part of the design (Garzetti, Giorgini, 
Mylopoulos & Sannicolò, 2002). Figure 3.4 illustrates a comparison of techniques in 
Requirement Engineering throughout design phases.  
 
 
Figure 3.4 Tropos Compare to Other Requirement Engineering Technique 
(Garzetti et al., 2002) 
 
Tropos adopts a requirement driven software development approach by exploiting 
goal analysis and actor dependencies analysis techniques (Giorgini et al., 2008). It is 
based on i* modelling framework (Yu, 1993; Yu & Mylopoulos, 1994), which has 
founded the concept of actor, goal and social dependency in the same sense that Unified 
Modelling Language (UML) has founded the notions of object, class, method, 
inheritance, etc. Tropos also maintains the foundation of i* with a few additional 
notations such as resource, task/plan, softgoal, means-end, contribution, OR 
decomposition, and  AND decomposition. 
 Instead of goal driven  and Tropos approach, there are other modelling techniques 
in requirement analysis phase such as scenario based approach and couple goals and 
scenario approaches which are concerned on simulation based system (Rolland et al., 
1998). Based on the above explanation on requirement analysis, it is identified that goal 
driven approach such as Tropos is more suitable for modelling purposes due to scalability 
of features offered by the technique that ranges from early requirement to detailed design. 
 
3.4.3 Requirement Definition 
Requirement definition is probably one of the most used techniques before proceeding to 
the prototyping phase in a typical IS development. According to Yeates & Wakefield 
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(2004), as the requirements are identified, two models of the system are built. The first 
represents the processing necessary to meet those requirements, and the second portrays 
the underlying structure of the data that are needed to support this processing. Tsui & 
Karam (2007) suggested that these processes can be done after the requirement analysis. 
For each of these models the distinct techniques of Data Flow Modelling and Logical 
Data Modelling are prescribed (Tsui & Karam, 2007; Yeates & Wakefield, 2004). The 
followings describe these techniques; 
 
i) Data Flow Modelling 
Data Flow Modelling or DFD were developed for structured analysis and design (Gane & 
Sarson, 1982).  This modelling technique shows the flow of data from external entities 
into the system and how the data move from one process to another, as well as their 
logical storage. There are only four symbols as suggested by Gane & Sarson (1982): 
• Squares represent external entities, which are sources or destinations of data.  
• Rounded rectangles represent processes, which take data as input, process and display 
the output.  
• Arrows represent the data flows, which can either be electronic data or physical 
items.  
• Open-ended rectangles represent data stores, including electronic stores such as 
databases or physical stores such as or filing cabinets or stacks of paper.  
 
ii) Logical Data Modelling 
One of the most widely used logical data modelling is ERD (Tsui & Karam, 2007).  An 
ERD is a model that identifies the concepts or entities that exist in a system and the 
relationships between those entities (Allen & Terry, 2005).  An ERD is often used as a 
way to visualize a relational database where each entity represents a database table, and 
the relationship lines represent the keys in one table that point to specific records in 
related tables.  ERD captures the database requirement to the database design process in 
the DSS for CSP.  
In construction, limited studies have utilised the requirement definition feature. 
For instance, only few studies provide the high level architecture of DSS, yet the details 
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of the data modelling and the subsystem models were left undefined  (Shen & Grivas, 
1996). The data flow and entity relationship modelling were the missing part in most 
DSS literatures for construction. Therefore, requirement definition is important as it 
represents the blueprint of the system before pursuing the next step i.e. requirement 
prototyping. 
 
3.4.4 Requirement Prototyping 
Recently, DSS is gaining popularity where numerous studies have been conducted across 
the construction project life cycle. However, their focuses are more on decision model 
development and left the step to convert into DSS prototypes. The trend remains the same 
in the discipline particularly for CSP where more “unused” decision model were 
developed. For instance, the works by Al-Besher (1998) and Kit (2005) denote that 
decision model development for consultant evaluation is the emphasis in their research. 
Yet, a research by Cheung et al.(2002) demonstrated a substantial improvement where a 
stand alone prototype has been developed to solve architectural consultant evaluation in 
Hong Kong. However, the data management, data communication and usability aspects 
were not discussed. Data management and communication are the essential parts in 
modern software architecture. In an organization, both elements are vital to support the 
decision making process by manipulating/retrieve the archived data and sharing the 
information with other members. Thus, this section will bridge the gap by investigating 
the available decision technology concepts to support the decision process in 
infrastructure planning.  The focus is more on the prototyping of DSS. 
Based on the previous section, the Grigg’s model, infrastructure planning 
comprises strategic to operational level and DSS should support and maintain the existing 
management decision structure. As mentioned before, differences in project team will 
result in project conflict and communication problems. Hence, the following framework 
(Figure 3.5) is feasible to be adopted on any infrastructure planning as tools by 
integrating DSS within current Information Systems.  In addition, this framework 
provides a proportional balance between conflict and communication as the decision type 
moves from strategic to operational level.    
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 Infrastructure project planning teams involve various stakeholders that have 
different interests and objectives. GDSS is a type of DSS which can support group 
decision making and it is useful in strategic level. GDSS can be defined as an interactive 
computer based system that facilitates the solution of semi-structured to unstructured 
problems by a set of decision makers working together as a group (Bohanec, 2001). They 
aid groups, especially group of managers, in analysing problematic situations and in 
performing group decision making task. In our context, GDSS is suitable to support 
group decision specifically in infrastructure project planning. The above framework 
shows that GDSS has the capability to solve many problems ranging from managerial to 
strategic level as identified in the previous chapter. Furthermore, GDSS encompasses all 
stand alone DSS characteristics and this has been the major strength of GDSS as a tool to 
resolve conflicts within a group of people. 
The main concerns in contemporary DSS development are the data management 
and data communication (Turban et al., 2005). As mentioned earlier, prototyping of these 
aspects did not attract serious attention in construction research as focuses are given more 
on decision model development. It is vital to integrate these elements as it can promote 
collaborative decision making process. Although there are some concerns on these issues, 
these components are only integrated as an ad hoc component in a generic DSS 
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Figure 3.5    Decision Types, Focus and Strategy (Eom, Lee & Suh, 1990) 
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architecture without any good description on the prototyping aspects such as database and 
data communication.  Therefore, the following will focus on data management, data 
communication implementation and recommender system. 
 
i) Data Management 
According to Turban et al. (2005), Database Management System (DBMS) can be 
defined as a software program for adding information to a database and updating, 
deleting, manipulating, storing, and retrieving information. The design of the database 
should reflect the problem domain to be tagged. Donovan (1976), suggested that there are 
five characteristics of problems to be considered through the use of a DSS which is 1) the 
problem is continuously changing, 2) the answers are needed quickly, 3) data are 
continuously changing, and come from a variety of sources, 4) data must be processed 
into different kinds of data representations, and 5) when computer support is required, 
one is more concerned with rapid implementations than with long term efficiency. 
Unfortunately, there are some confusions about the appropriate role of DBMS and 
spreadsheets. This is because many DBMS offer capabilities similar to those available in 
spreadsheet such as Excel, and this enables DBMS user to perform DSS spreadsheet 
work with a DBMS (Turban et al., 2005). Thus, the rich capabilities to support huge 
amount of data DBMS have been drawn out. 
In DSS research, little attention has been devoted to database and data 
management particularly in MCDM based area  (Methlie, 1980). In describing 
architectures of the database, it is depicted as a component but emphasises on the model 
building aspects. There are two reasons for this (Methlie, 1980). First, data are collected 
for specific models and have not been regarded as a common resource for decision 
making. The second reason is data management is regarded as “back office” function and 
not unique to DSS. Later, a research revealed that only a few attempts have been made to 
leverage the capabilities of database features (Spainhour et al., 1999), however none 
considered a database which can support a multi criteria specifically for group decision 
making (Manoharan, 2005; Shapira & Goldenberg, 2005). 
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ii) Data Communication for DSS 
Data Communication is a vital element of DSS. Without communication, there is no 
collaboration. Individual decision makers must communicate with different stakeholders. 
However, due to the complexity of the project, conflicts may arise as group members 
possess different interests, views, and backgrounds (Niekerk & Voogd, 1999). To 
minimize conflicts, communication element must be added in DSS project management 
feature. Therefore, a Group Decision Support System (GDSS) is considered to be a 
solution due to its importance to strategic planning such as consultant selection. It has 
been identified that the selection process involves different stakeholders and currently the 
decision making is done manually or by intuition by the stakeholders.  
 The effectiveness of a collaborative computing technology depends on the 
location of the group members and on the time that shared information is sent and 
received. A framework for classifying communication support technologies was proposed 
by DeSanctis and Gallupe (1984). Later, Turban et al. (2005) added some recent 
technologies to the framework. Communication is divided into four cells, which are 
shown together with representative computerized support technologies in Table 3.5. The 
four cells are organized along the two dimensions of time and place. 
 
Table 3.5   Time/Place Communication Framework  
(DeSanctis & Gallupe, 1984; Turban et al., 2005) 
 
 Same Time Different Time 
 
Same 
Place 
• GDSS in a decision 
room 
• Web based GDSS 
• Multimedia presentation 
systems 
• Whiteboard 
• Document Sharing 
 
• GDSS in a decision room 
• Web based GDSS 
• Workflow management 
system 
• Document Sharing 
• E-mail, V-Mail 
• Video conferencing playback 
 
 
Different 
Place 
• Web based GDSS 
• Whiteboard 
• Document sharing 
• Video conferencing 
• Audio conferencing 
• Computer conferencing 
• E-mail, V-Mail 
• Web based GDSS 
• Whiteboard 
• Document sharing 
• E-mail, V-Mail 
• Workflow management 
system 
• Computer conferencing with 
memory 
• Video conferencing playback 
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 As describe in Table 3.5, web based GDSS is indicated to be a superior tool to 
support decision making at any time and any place. Nowadays, there are many 
technologies resulted from the advance of current internet communication platform. From 
static web pages to a Rich Internet Application (RIA) such as Web 2.0, the web has 
opened an opportunity for  DSS to leverage its technology (Vossen & Hagemann, 2007). 
In construction, only few researches adopted web based DSS (Bhargava & Tettelbach, 
1997), while the rest did not include any communication capabilities in their development 
(Chow & Ng, 2007; Ibrahim et al., 2002b; Kahraman et al., 2003). In the context of DSS 
for consultant selection, there are no attempt in construction literatures that utilise group 
decision making and its supporting technologies to their framework (Al-Besher, 1998; 
Chow & Ng, 2007).   
In this section, it is identified that two main aspects of prototyping should be 
emphasising on DSS in construction i.e. the database and data communication with 
additional capabilities such as group communication. In construction literatures, these 
features can be considered as new technologies that are possible to be integrated in DSS 
development.  Although there are some concerns, yet most researches overlooked the 
importance of the computing element and simply added these aspects as ad-hoc 
components to the general system architecture. The subsequent stage after prototyping is 
the requirement phase which will be discussed in the next section. 
 
iii)  Decision Model 
Generally, CSP can be considered as an MCDM type of problem. MCDM refers to 
making decision in the presence of multiple and conflicting criteria (Lu, Zhang, Ruan & 
Wu, 2007).  The characteristic of MCDM problem can be identified as the followings 
(Hwang & Yoon, 1981); 
 Multiple criteria: each problem has multiple criteria, which can be objectives or 
attributes. 
 Conflicting among criteria: multiple criteria conflict with each other. 
 Incommensurable unit: criteria may have different units of measurement. 
 Design/selection: solutions to an MCDM problem are either to design 
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the best alternative (s) or to select the best one among previously specified finite 
alternatives. 
There are two broad categories of MCDM problem that exist in Operation Research 
literatures i.e. Multi-objective decision making (MODM) and Multi-attribute decision 
making (MADM) (Lu et al., 2007). Examples of MODM problems in construction 
include river basin planning, energy planning, sewer planning, etc (Jyrki et al., 2008). 
Meanwhile, MADM includes project selection, contractor selection, supplier selection, 
consultant selection, etc (Jyrki et al., 2008). Lu et al. (2007) briefly distinguished both 
methods by stated that MODM concentrates on continuous decision spaces while MADM 
is concerned on discrete decision spaces. The followings are some brief descriptions of 
both approaches.  
 
• Multi-Objective Decision Making  
The desire for optimization or perfection is inherent for humans. Optimization refers to 
the study of problems in which one seeks to minimize or maximize a real function by 
systematically choosing the values of real or integer variables from within an allowed 
set (Winston, Venkataramanan & Goldberg, 2003). A mathematical theory of 
optimization is developed since the 1960s when computers become available 
(Engelbrecht, 2007). Since then, most researches were directed to search for optimum 
strategies for a certain type of problem. This theory is vitally important for modern 
engineering and planning that incorporate optimization at every step of the complicated 
decision making process. Many established techniques for optimization have been well 
reputable in Operational Research (OR) field such as Linear Programming, Integer 
Programming, Mixed Integer Programming ,etc (Winston et al., 2003). More recently, 
many researchers tend to tackle optimization problem by using heuristic techniques. 
Heuristics have become more important in recent years, particularly in the MCDM 
literatures. According to Engelbrecht (2007), heuristic is a branch of AI field where it 
consists of various techniques such as Local Search, Genetic Algorithm, Tabu Search, 
Simulated Annealing , etc. 
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• Multi-Attribute Decision Making (MADM) 
According to Lu et al. (2007), MADM problem involves the selection of the ‘best’ 
alternative from a pool of pre-selected alternatives described in terms of their criteria. 
As shown in Appendix A1, many researchers in construction area have developed 
various decision models to solve construction related MADM problems.  Models such 
as AHP, ANP and TOPSIS were among the prominent approaches that have been 
applied. These models help analysts to arrive at the best decision and provide clear 
rational for choices made.  
The AHP is a model that is suitable for dealing with complex system related to 
making a choice among several alternatives and which provides a comparison of the 
considered options (Saaty, 1994). AHP is based on the subdivision of the problem in a 
hierarchical form. It can be utilized by defining the objective, criterions, and 
alternatives in a hierarchical form (Figure 3.6).  
 
          Figure 3.6    Hierarchical Structure of Decision Making (Saaty, 1994) 
 
Hwang & Yoon (1981) provided a general definition on goal, criteria and 
alternatives. Goals are things desired by decision makers expressed in terms of a 
specific state in space and time. Next, criteria or attributes are the standard of judgment 
or rules to test acceptability. Meanwhile, alternatives can be considered as a candidate 
of solution or choices. These concepts have been widely accepted and adopted by many 
of the modern MADM techniques including AHP, ANP and TOPSIS. Assessment of 
“selection problem” based on AHP technique can be divided into four steps as given 
below (Saaty, 1994); 
 
Goal/Objective 
 
Criteria 1 
 
Criteria 2 
 
Criteria N 
 
Alternative 1 
 
Alternative 2 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
56 
 Generate pairwise matrices 
 Generate the weights of the measures 
 Normalize weights to get the consistency among measures 
 Calculate the overall ratings  
Based on the above steps, it is clear that AHP is based on pairwise comparison 
to assess criterions and alternatives. However, AHP has been considerably criticized for 
possible rank reversal phenomenon caused by the addition or deletion of an alternative 
(Belton & Gear, 1983; Pérez, Jimeno & Mokotoff, 2007). In addition, a study reveals 
that AHP can only accommodate 5 to 9 criterions or alternatives (Shih, Shyur & Lee, 
2007). This limitation may disrupt the capability of model management in DSS as it 
should be dynamic in nature. Meanwhile, consistency checking in AHP may possibly 
generate some interaction and usability issue in the prototyping. 
In the last decade, Saaty (1996) has proposed an extension of AHP technique 
which considers dependence and feedback effect simultaneously while making 
decisions. This technique is called ANP. The main strength of this model is it allows 
decision networks and not only decision hierarchies. Although ANP is newer than 
AHP, a study has revealed that ANP possesses some shortcomings compared to AHP 
where if the number of criteria and alternatives are relatively high, and reliability is not 
considered as much, then the use of the ANP should be avoided (Talicali & Ercan, 
2006). ANP is also computationally expensive as it involves nine steps compared to 
AHP’s four steps (Saaty, 1996). This means that more usability issues will arise in 
DSS. A study reported decision makers often feel uncomfortable with the mathematical 
demand in ANP particularly its matrix operations (Peters & Zelewski, 2008). Since 
ANP is the generalization of AHP, most shortcomings in AHP as discussed above are 
also applicable to ANP.  By considering the aforementioned drawbacks that might 
affect and disrupt the DSS development, the method of AHP or ANP is avoided. 
Unlike AHP that makes pair-wise comparisons for criteria and alternatives, 
there is no pair-wise comparison in TOPSIS as it utilizes weighted value (Ertugrul, 
2008). TOPSIS has been proven to be one of the best methods addressing rank reversal 
issue that is the change in the ranking of the alternatives when a non-optimal alternative 
is introduced (Kahraman, Ates, Cevik, Gulbay & Erdogan, 2007). Shih et al. (2007) 
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revealed that TOPSIS can handle significantly more criterions and alternatives 
compared to AHP.  
In the TOPSIS method, the weights of the criteria and the ratings of alternatives 
are known precisely and crisp values are used in the evaluation process (Ertugrul, 
2008). However, under many conditions crisp data are inadequate to model real world 
decision problems. Therefore, many researchers have adopted TOPSIS in conjunction 
with fuzzy set to overcome this situation (Ertugrul, 2008; Kahraman et al., 2007).  
In order to deal with vagueness of human thought, fuzzy set theory was  
introduced (Zadeh, 1965). A fuzzy set is a class of objects with a grade of membership. 
It is specifically designed to mathematically represent uncertainty and vagueness and to 
provide formalized tools for dealing with the imprecision intrinsic to many problems 
(Kahraman et al., 2007). Zadeh (1965) stated that a set is characterized by a 
membership function which is assigned to each object. A membership grade ranges 
between zero and one. Furthermore, fuzzy set is an extension of a crisp set i.e. sets that 
only allow full membership or non membership. Meanwhile, fuzzy set allows partial 
membership of an element. Modelling using fuzzy sets is proven to be an effective way 
for formulating decision problems where the information available is subjective and 
imprecise (Kahraman et al., 2003) 
As mentioned in previous chapter, real world decision making involves multiple 
parties or stakeholders that contribute to the decision making process. This can be 
considered as group decision making that can be supported by GDSS. Shih et al. (2005) 
clarified that GDSS is designed to provide decision aid to groups or organizations. A 
framework of group decision making by incorporating fuzzy element has been 
proposed by G. Zhang & Lu (2003).   
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Figure 3.7  Integrated GDSS Framework (Zhang & Lu, 2003) 
 
According to G. Zhang & Lu (2003), the above framework (Figure 3.7) 
integrates the following properties (i) decision makers may have different weights, (ii) 
decision makers can express fuzzy preferences for alternative solutions, and (iii) 
decision makers can give different judgments on solution selection criteria. 
This framework assumed that a set of optimal alternative solutions for a 
decision problem have been generated. The set of solutions can be generated by a 
suitable model and produced by multiple decision makers. Typically, fuzzy TOPSIS 
assessment is performed by each decision maker based on a set of criteria and 
alternatives. Then, the group members are each awarded a weighting. The final group 
decision will be made through aggregating group members’ preferences on alternative 
solutions under their weights and judgments on selection criteria. There are a few 
aggregation methods available in the literatures specifically for TOPSIS such as 
weighted sum, arithmetical mean, and geometric mean (Shih et al., 2007). The final 
decision is expected to be the most acceptable by the group of individuals as a whole. 
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3.4.5 Requirement Review  
According to Rubin (2008), many consumer products such as electric and electronics are 
difficult to use. Computer program also falls in this category. A study indicates that 
computer programs tend to focus on the system rather than the user of the product 
(Rubin, 2008).  The most probable reason is that the designer might assume that human 
are flexible and can easily adapt with technology rather than vice versa. As a result, the 
rate of negligence among end users to adopt advanced software such as DSS is 
significantly decreased due to this situation (Qijia et al., 2005; Seffah & Metzker, 2004). 
This is directed to designers that ignore human factor and user centred concept in their 
product development and keep designing product very much like themselves (Rubin, 
2008). The rapid expansion of the software applications specifically “tailor-made” 
software such as DSS has brought user-centred computing into prominence. The 
implementation of DSS should be balanced between the software requirements and 
human aspect. As illustrated in Figure 3.8, a good framework that bridges the practices in 
user-centred and software engineering has been introduced (Seffah & Metzker, 2004). 
The framework indicates that there are various practices in traditional software 
development which can be further enhanced by the adoption of human centred 
development. Thus, the best practice of software development is to balance and sit in the 
middle between these two distinct areas. In contemporary software development, the 
software design needs teamwork by incorporating user in the process. This process is 
generally known as participatory design.  
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Figure 3.8       Practices in User-Centred and Software Engineering 
 (Seffah & Metzker, 2004) 
 
 Research shows that a number of studies in software engineering literatures adopt 
the involvement of end users/domain expert and usability concept into Requirement 
Engineering process (Adikari, 2008; Adikari, McDonald & Collings, 2006; Adikari, 
McDonald & Lynch, 2007). The studies suggested that the end users should be involved 
from the start and identifying user requirement is a non-trivial task. This could simply 
avoid potential error at later stages in system design. Other benefits that may be derived 
from this method are probably related to end user’s satisfaction, completeness of system 
functionality or program repair effort.  Thus, it is important that the designer should 
integrate usability aspect throughout the development process. Based on Adikari (2008), 
the element of usability and rapid prototyping technique can be used in parallel as a 
strategy to enhance software specification. Rapid prototyping is an iterative process of 
software development which can be promptly changed based on users’ feedback while 
using the system (Whitten & Bentley, 2006). Software specification is important as a 
medium of communication for designers to implement the system.  
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i) General DSS Evaluation  
Since decades ago, a number of studies in DSS attempted to develop their own 
framework to evaluate DSS (Etezadi-Amoli & Farhoomand, 1996; Gelderman, 1995, 
1998; Shirani, Aiken & Paolillo, 1998). However, it appears that there is no standard 
approach of evaluation for DSS. This is probably because of the nature of DSS which is a 
customized program to specific problem. Therefore, the way to evaluate DSS might also 
vary. One of the most highly cited papers suggests that classical DSS evaluation 
methodology should consist of four major components i.e. global DSS, logic model, 
Human Computer Interaction (HCI) and data model (Finlay & Wilson, 1997a).  Some 
components such as logic model, HCI and data model are interrelated. Finlay and Wilson 
(1997) also added five types of validity to asses each component including logical 
validity, general validity, interface validity, data validity and system builder validity. 
Figure 3.9 below figure illustrates few DSS components and their validity  
 
Figure 3.9 Relationship Between the DSS Component and Complete 
Validity Framework (Finlay & Wilson, 1997b) 
 
Most of the literatures in DSS concern on two types of DSS evaluation i.e. Global Utility 
and Usability (Bharati & Chaudhury, 2004; Borenstein, 1998; Finlay & Wilson, 1997a). 
The next subsection describes Global Utility and Usability Evaluation. 
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ii)  Global Utility Evaluation 
A number of researches used their own construct or attributes to evaluate DSS in terms of 
its usefulness. For instance, in Table 3.6, some commonly used constructs to evaluate the 
global utility of DSS as a whole are highlighted, matched with the components suggested 
by Finlay and Wilson (1997). The list includes support organizational goals, efficiency, 
decision making satisfaction, system quality, decision making approach, information 
presentation, and information quality.  
Table 3.6        Global Utility Construct for DSS 
 
Global Utility Construct DSS 
Component 
Validity  References 
Support organizational goals Global DSS General  (Kim & Guimaraes, 1992) 
Efficiency Global DSS General  (Mennecke, Crossland & Killingsworth, 
2000; Mihir, Bijan & Sameer, 2001; Tor, 
Magid & Ming-te, 1992) 
Decision making 
Satisfaction 
Global DSS General  (Bharati & Chaudhury, 2004; Gelderman, 
1998; Mihir et al., 2001; Shirani et al., 
1998) 
System Quality Global DSS System 
Builder  
(Bharati & Chaudhury, 2004; Mihir et al., 
2001) 
Decision Making 
Methodology/Approach 
Logic Model Logical  (Kim & Guimaraes, 1992; Tor et al., 
1992) 
Information Presentation HCI Interface  (Bharati & Chaudhury, 2004; Etezadi-
Amoli & Farhoomand, 1996) 
Information Quality Data Model Data  (Bharati & Chaudhury, 2004) 
 
The following are the descriptions of each construct; 
• support organizational goals 
ability of the software to achieve organization objectives as described in elicitation 
process (Kim & Guimaraes, 1992) 
• Efficiency 
the extent to which time or effort is well used for the intended task or purpose (Kim 
& Guimaraes, 1992) 
• Decision making satisfaction 
decision making expectations, or needs, or the pleasure derived from the use of 
system (Mihir et al., 2001) 
• System quality 
overall system quality which encompasses the methodology and design approach for 
the system implementation (Bharati & Chaudhury, 2004) 
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• Decision making approach 
decision making method used in the system including decision model or any scoring 
technique (Tor et al., 1992) 
• Information presentation 
Overall information about the visibility of the information and including general 
interface design (Etezadi-Amoli & Farhoomand, 1996) 
• information quality 
Required data is accessible and easy to use (Bharati & Chaudhury, 2004) 
 
In contrast with Finlay and Wilson’s (1997) framework, Borenstein (1998) suggested two 
main components in DSS Evaluation i.e. Subsystem Validation & Verification (V&V) 
and Face Validation. Subsystem V & V consist of verifying and validating subsystems in 
DSS one at a time as they developed (Borenstein, 1998). This will ensure the quality of 
components in DSS. On the other hand, face validation concerns more on human aspect 
of the development. It aims to achieve consistency between designer’s view and potential 
user’s view in a timely and cost effective way (Borenstein, 1998). Previous studies on 
DSS focused more on user decision performance or user satisfaction (Etezadi-Amoli & 
Farhoomand, 1996; Tor et al., 1992). Some studies indicated that user satisfaction 
positively affects the DSS success (Gelderman, 1995, 1998). There are two broad 
categories of variables to measure DSS success: process-oriented, including internal 
system architecture, and outcome-oriented, including decision performance and user 
satisfaction (Blake & Margrethe, 1984; Shirani et al., 1998). Similar to previous section, 
usability concept is the key to describe both process-oriented and outcome-oriented in 
DSS.  
 
 
ii) Usability Evaluation  
One of the most widely used techniques to inspect usability is Heuristic Evaluation 
(Mayhew, 2005). Heuristic evaluation is qualitative in nature. It involves having 
evaluators which are usually the domain expert to examine the user interface, system and 
judge its compliance with recognized usability principles i.e. heuristics (Zhang, Basili & 
Shneiderman, 1999). This heuristic can be a set of guidelines or checklists to assess a 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
64 
system for its usage such as simplicity, match between system and the real world, 
minimize user memory load, consistency, feedback, efficiency of use, aesthetic and 
minimalist design, prevent errors, help and documentation (Branaghan & Simeral, 1997; 
Nielsen, 2005b). A study revealed that heuristic  based approach can significantly 
improve design, implementation and evaluation of information system (Folmer & Bosch, 
2004). The method is done by approaching a domain expert to assess the system 
personally by the assistance of a set of heuristics (Komarkova, Visek & Novak, 2007). 
Nielsen (2005b) also outlined sets of heuristics that can be used in Heuristic Evaluation. 
The following Table 3.7 presents the outlined heuristic construct and its description. 
 
Table 3.7      Heuristic Evaluation Construct (Nielsen, 2005b) 
 
Heuristic Construct Descriptions 
Visibility of system status keep users informed about what is going on or current state of the system  
Match Between system 
and real world 
The system should speak the users' language rather than system-oriented 
terms.  
Consistency and 
Standards 
 
Follow standard conventions as set by the user  
Recognition Rather Than 
Recall 
Minimize the user's memory load by making objects, actions, and options 
visible.  
Flexibility and efficiency 
of use 
Cater to both inexperienced and experienced users. Allow users to tailor 
frequent actions.  
Aesthetic and Minimalist 
Design 
Minimize irrelevant information on the dialogue and make it simple with 
simple yet concise information 
Error Prevention Prevent error and display error message  
User Control and 
Freedom 
Users often choose system functions by mistake and will need a clearly 
marked "emergency exit" to leave the unwanted state without having to go 
through an extended dialogue. Support undo and redo.  
Help User Recognize, 
Diagnose, and Recover 
from Error 
Error messages should be expressed in plain language, precisely indicate 
the problem, and constructively suggest a solution.  
 
Help and Documentation Even though it is better if the system can be used without documentation, it 
may be necessary to provide help and documentation. Any such 
information should be easy to search, focused on the user's task, list 
concrete steps to be carried out, and not be too large. 
 
According to Nielsen (2000), heuristic evaluation is less expensive compared to other methods 
because it only requires three to five domain experts to assess the system. It is suffice to test with 
a handful of users and revise the design in the direction indicated by a qualitative analysis of their 
behaviour (Nielsen, 2006). An experiment to determine how many testers should be involved in a 
heuristic evaluation was conducted by Nielsen (2000). The result shows that the optimum number 
of users/testers is between 3 to 5 (Figure 7). If the evaluation proceeds with more than 5 users, 
very little new information will be obtained from the remaining test. This is because the users will 
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keep doing the same behaviour as the first 3 to 5 users. Thus, Nielsen (2000) suggested that 
usability evaluation should be conducted on a small number of users i.e. 3 to 5 users.  
 
 
 
Figure 3.10  Usability Testing with a Number of Test Users (Nielsen, 2000) 
 
 
3.4.6 Requirement Specifications 
Typically, requirement specifications can be illustrated in the form of a document called 
Software Requirement Specification (SRS) (Tsui & Karam, 2007). The IEEE suggests a 
table of contents of requirements specifications with the following items: external 
interfaces, functions, performance, logical database, design constraints, and software 
system attributes ("IEEE recommended practice for software requirements 
specifications," 1998). To address the needs of SRS, Tsui & Karam (2007), suggested a 
general guideline for SRS document which encompasses; 
 Introduction : Provides an overview by describing the purpose, scope, references, 
and definitions of terms 
 High level description: Provides a general description of the software product, its 
major functions, user characteristics, major constraints, and dependencies 
 Detailed requirements:  Provide details on:-  
 description of each functional requirement by input, process and output 
 descriptions of interfaces that include user interfaces, system interfaces, 
network interfaces and hardware interfaces 
 descriptions on the performance requirements 
 list of design constraints such as standards or hardware limitations 
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 additional descriptions of attributes such as security, availability and 
recoverability 
 any additional unique requirements 
Requirement specification can transform the validated expert assessment into 
modelling language (Adikari et al., 2007). There is also a study to translate the 
requirements into  modelling technique that is based on object oriented methodologies 
such as UML (Carter, Liu, Schneider & Fourney, 2005).  UML has been widely accepted 
by academia and the industry since it was introduced by Object Management Group and 
became de facto standard within the software engineering (van der Aalst & van Hee, 
2002). Typical UML modelling diagram includes use case diagram, class diagram, 
interaction diagram and activity diagram (Pooley & Wilcox, 2004).  The followings are 
the basic description on each technique (Windle & Abreo, 2003); 
 Use case:- Use cases are used to capture the functional requirements by describing 
the interaction between users and the system. Use case diagram gives a graphical 
table of the system boundary and interaction between users and the system, and 
shows human initiated functionality. 
 Activity Diagram:- a complex use case may consist of a number of sub-use cases. 
Activity diagram can be used to describe the context and other details about this kind 
of complex use case 
Windle & Abreo (2003) asserted that natural language ambiguities can be 
minimized for the SRS documentation by the assistance of these diagrams in conjunction 
with structured English language. SRS documentation can also be used as a form of 
proposal to develop a specific software application such as DSS for CSP within an 
organization.  The confident level of top management would increase with a thorough 
design and analysis of the proposal. Since this is the last stage before the owner or client 
signing off the RE process, thus, it is vital to equip SRS with complete requirement 
analysis, design, prototyping, requirement reviews and software specifications. This will 
be a complete guideline for construction organization to deploy DSS in a particular area 
specifically in planning phase.  
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3.5 Requirement Engineering for Consultant Selection Problem 
As mentioned earlier, DSS in construction discipline were focused on decision model 
development. This also applies to consultant selection problem. For instance, works by 
Al-Besher (1998) and Chow & Ng (2007) demonstrated that the CSP area heavily 
focuses on decision model development. Although there was an effort to implement 
stand-alone DSS, yet the artefact encompasses an ad hoc integration of computing. No 
discussions were made to the system architecture of the artefact. This trend revealed 
some deficiencies where many computing aspects particularly in requirement engineering 
were left out. Other related component such as data management, data communication 
and usability were also ignored. The current situation of DSS artefact for CSP is 
presented in Figure 3.10. In complement, an improved and desirable DSS artefact based 
on requirement engineering literature is illustrated in the next figure (Figure 3.11). 
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Figure 3.11 Current Development Model of DSS for CSP (Al-Besher, 1998; Cheung, Kuen & Skitmore, 2002; 
Chow & Ng, 2007) 
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Figure 3.12 Improved Development Model of DSS for CSP  
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 Both Figure 3.10 and 3.11 demonstrate the input, process and output of each RE 
process to develop DSS for CSP. These were developed based on the literature review in 
earlier section in this chapter. The current DSS development model posed few gaps while 
the proposed model tends to complete the development process which follows RE 
process. In comparison, it is obvious that the former was only integrating ad-hoc 
computing components to DSS whereas the latter can be considered as an improved 
artefact which concentrates on structured approach for design, development and 
evaluation of DSS.  
Based on these findings, the next chapter will discuss research methodology of 
this study, considering that the nature of research output is the IT artefact. The 
description of the available approach will be discussed from the Information System 
perspectives. 
 
3.6 Chapter Summary 
DSS has played a significant role in construction project management. Recently, an 
increased number of DSS have been implemented throughout the whole construction 
project life cycle. However, most researches only concentrated in model development 
and left few fundamental aspects in IS developments. Therefore, decision model is 
impractical to use as it is complicated. The main problem was identified where there is no 
software specification that can hide the abstraction of decision models in DSS. Therefore, 
huge gaps were detected particularly in requirement engineering phase for DSS 
development. This includes incomplete software requirement analysis and requirement 
definition, ad-hoc integration of data management and data communication in 
prototyping phase, and ignorance of usability and software specification aspects. The 
derived problems were rooted in early phase of software engineering life cycle i.e. 
requirement engineering. For these reasons, this chapter has demonstrated the state-of-art 
in requirement engineering phase which underpinning the contemporary DSS design and 
development. Thus, the elements of RE process investigated in this chapter will be the 
strategy to develop a more efficient and effective DSS for CSP in a public infrastructure 
project. 
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"To get anywhere, or even to live a long time, a man has to guess, and guess right, over 
and over again, without enough data for a logical answer." 
Robert Heinlein 
 
 
 
Chapter 4: Research Design 
 
 
 
 
 
 
 
4.1 Introduction 
Previous chapters revealed that DSS is important to aid decision makers particularly for 
infrastructure project. However, most DSSs in construction discipline are complicated to 
use as it heavily depends on highly complex decision model. Thus, many deficiencies in 
DSS development literatures were revealed.  This chapter demonstrates the research 
approach and design to address research problems from Information System (IS) point of 
view. It starts with investigating the research paradigms within the IS discipline. Next, 
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design science research methodology is chosen on the basis of well described 
justifications to address issues pertaining to the creation of IT artefact. The methodology 
is also strengthened by the combination of case studies. Next, the research process is 
presented. Thereafter, the aspect of design, development and evaluation of DSS for CSP 
are discussed and divided into phases and activities.  
 
4.2 Research Paradigm in Information System 
By addressing issues pertaining to the design and development of DSS for CSP, this 
study will follow the research paradigm in IS. According to March & Smith (1995), there 
are two dominant paradigms in the IS discipline i.e. behavioural science and design 
science. The behavioural science paradigm develops and verifies theories that explain or 
predict human or organizational behaviour. Meanwhile, Hevner et al. (2004) described 
that design science paradigm extends the boundaries of human and organizational 
capabilities by creating new and innovative artefacts. Broadly speaking, behavioural 
science researchers search for the truth, while design science researchers seek utility or to 
improve the current practice. Hevner et al. (2004) in the widely cited paper suggested a 
framework to conduct IS research in these paradigms (see Figure 4.1).  
 
Figure 4.1 Information System Research Framework (Hevner et al., 2004) 
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The conceptual framework in Figure 4.1 combines behavioural science and design 
science paradigms in IS research. The framework comprises of both required rigor and 
the practical environment of use i.e. the problem space to be solved. The problem 
relevance in the environment aspects may consist of people, organizations and 
technology. Hevner et al. (2004) claimed that these aspects define the business need or 
problem perceived. Once the problem or business needs have been identified, the 
research process in IS might follow either behavioural or design science paradigm based 
on the nature of the research problem and objectives.  
Behavioural paradigm research is conducted through development and 
justification of theories (Hevner et al., 2004). March and Smith (1995) agree that the 
natural and social science or behavioural paradigm couple consist of theorize and justify. 
This refers to the construction of theories that explain how or why something happens. In 
the case of IS research this is often an explanation of how or why an artefact works 
within its environment. Justify refers to theory of proving and requires the gathering of 
scientific evidence that supports or refutes the theory (March & Smith, 1995). Meanwhile 
design science performs the research by build and evaluation of the artefacts to address 
the management problems.   
Hevner et al. (2004) have also clarified that research rigor in IS is achieved by 
matching the suitable foundations to develop/build and also adopting the appropriate 
methodologies to justify/evaluate the research output. The selection of research methods 
is important as it will lead to the accomplishment of research aims. Thus, the next section 
explains the reasoning to choose the research methods adopted by this research.  
 
4.3 Reasoning to Choose Research Methods 
Historically, the Malaysian population can be regarded as riverine people as early 
settlements grew on the banks of the major rivers in the country (Chan, 1997). Coupled 
with natural factors such as heavy monsoon rainfall, intense convection rain storms, poor 
drainage and other local factors, floods have become a common feature in the lives of a 
significant number of Malaysians (Leigh & Low, 1972). Floods occur annually in 
Malaysia causing damage to property and loss of life. Chan (1997) added that poor 
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management of rivers and ineffective flood control regulations are reasons why flood 
hazards are on the increase. He advised that government department such as DID should 
enforce their ability and skills by acquiring in-depth knowledge of flood management and 
control. This can be done by luring good consultants. 
  Since infrastructure projects are sophisticated and dynamic, people who do not 
have a good understanding of the design and management may experience severe 
difficulties especially in dealing with large infrastructure projects. As a result, the 
technical government departments are observing increased workload and are often unable 
to deliver projects within schedule due to lengthy procurement procedures (Che Ahmad, 
Alias & Kamal, 2005). Therefore, most clients opt for engineering consultants to provide 
professional advice and services to manage infrastructure projects. 
 However, problems still occur if the responsible government agency does not hire 
an appropriate consultant. This has been supported by Kadir et al. (2003), who revealed  
problems that arise from poor performance of project management consultants in the 
execution of a number of major projects in Malaysia.  The study also indicate that some 
jobs have been inadvertently given to those who neither have the requisite expertise nor 
experience  to handle the type of magnitude of projects awarded to them (Kadir, Razali & 
Abdullah, 2003). In addition, a more recent report revealed that some public projects 
handled by some engineering consultants were unable to be completed within the 
scheduled duration and had poor workmanship (Mohamad, 2004). The report clearly 
indicates that some engineering consultants appointed by the government for public 
works as the major cause of those unsuccessful projects. More recently, a court case 
related to design faulty by a consultant is still in hearing (DID Kedah, 2008). The case 
against the government is due to defects in a building structure beside a DID flood 
mitigation project in Langkawi, Kedah. The cost of the project was USD 2 million and 
68.6% had been spent for the project (DID Kedah, 2008). The project is pending for 
further action.  
 The failure of these projects has led to cost overrun and benefit downturn as 
mentioned by Flyvberg (2007). This has been supported by a report in which 80% of the 
infrastructure projects in Malaysia are experiencing delays due to client’s, consultant’s 
and contractor’s fault (Sahat, 2009) . In order to avoid this delay, DID Malaysia have 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
75 
 
issued a series of new government circulars to accelerate the consultant selection process. 
A typical process of consultant selection will take at least six months from inception of 
consultant request by applicants. Therefore, from 2006 to 2009, three government 
circulars have been issued for this purpose (DID Malaysia, 2008, 2009; Malaysian 
Ministry of Finance, 2006).   
 The content of these circular concentrated more on the process and left the aspect of 
IT as an enabler to foster an efficient way to solve the problem. Different procedures 
were implemented to accelerate the process. Considering the complexity and dynamic 
nature of infrastructure projects, it is desirable to look at different perspectives on how to 
integrate IT in the daily process as it has been proven successful in many areas such as 
business, healthcare, manufacturing, etc. For instance, the problems of having too many 
alternatives and uncertainties in infrastructure planning can be precisely modelled by 
using traditional technique such as decision-event approach or a more advanced 
technique i.e. system or decision support (Schmidt & Freeland, 1992). In addition, 
decision support may promote a more transparent decision for a complex problem such as 
consultant selection. Hence, an in-depth investigation is needed to understand the 
decision making scenario in the organisation. This is important in order to compile the 
system requirements for DSS. 
As mentioned in the first chapter, the main aim of this research is to find the 
software specifications of DSS for CSP. Therefore the anticipated output of this research 
is clearly to create IT artefacts specifically for consultant selection. Driven by the 
motivation and research objectives, design science research methodology (DSRM) will 
be utilized. Considering its capabilities to address issues pertaining to the design and 
development of an IT artefact, DSRM is well suited for the research involving system 
development.  
Based on another highly cited paper, March & Smith (1995) defines the artefact 
as a DSRM output that can be classified into four types i.e. constructs, models, methods 
and instantiations. Table 4.1 describes each of the IT artefacts. In short, IT artefacts are 
broadly defined as constructs (vocabulary and symbols), models (abstractions and 
representations), methods (algorithms and practices), and instantiations (implemented and 
prototype systems).  
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Table 4.1 The Output of Design Science (March & Smith, 1995) 
Output Descriptions 
Constructs Constructs or concepts from the vocabulary of a domain. They constitute a 
conceptualization used to describe problems within the domain and to specify their 
solutions. 
Models A model is a set of propositions or statements expressing relationships among constructs. 
In software design activities, models represent situations as problem and solution 
statements. 
Methods A method is a set of steps (an algorithm or guideline) used to perform a task. Methods are 
based on a set of underlying constructs (language) and a representation (model) 
Instantiations An instantiation is the realization of an artefact in its environment. Instantiations operate 
constructs, models and methods. 
 
Various researchers have adopted DSRM as their research approach and it has 
been widely accepted in many areas (Adikari et al., 2006; Chen, Liou, Wang, Fan & Chi, 
2007; Fisher, 2007; Gavish & Gerdes, 1998; Purao & Storey, 2008). For instance, Fisher 
(2007) has demonstrated the usefulness of adopting DSRM to develop a prototype to 
support the temporal reconstruction of financial accounting. Adikari et al (2006) have 
deployed DSRM to test the proposition that incorporating user modelling and usability 
modelling in software requirements specifications improves design. Both researches 
utilized empirical evaluation for their research design.  
DSRM also attracted a number of DSS researchers as demonstrated by Gavish & 
Gerdes’s (1998) and Chen et al.’s (2007) works. Both study concentrated on GDSS 
development in different domain to support the managerial needs and assess its 
usefulness by following DSRM empirical evaluation. On the other hand, in construction 
management domain, many researches rely on case studies as the main methodology to 
develop their DSS models (Al Khalil, 2002; Molenaar & Songer, 2001; Shen & Grivas, 
1996).   
DSRM is also applicable to be deployed within its framework in combination 
with other methodologies such as laboratory experimentation and case study (Nunamaker 
et al., 1991).  Generally, case study is useful to perform an in depth investigation of a 
phenomenon that exists within organization. This method is promising to be deployed as 
few research activities in this study require an in-depth investigation of a few phenomena 
such as the system and user requirement, decision making process in public sector 
organization of irrigation and drainage and also the evaluation of DSS. Few studies 
attempted to mix DSRM and other research approaches (Adikari et al., 2006; Valverde, 
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2008). Thus, the following sections will elaborate the idea and justification of the use of 
DSRM and case study approach. 
 
4.3.1 Design Science Research Methodology  
DSRM has attracted many IS scholars’ attention since the establishment of Simon’s 
(1996) book titled “The Sciences of the Artificial”. He had identified the needs for 
various design sciences with the perspective of design as a problem solving activity 
primarily to create an innovative technological product.  The work has influenced many 
researchers to adopt and examine the complex, artificial, and purposeful IS.  
DSRM can be interpreted as an attempt to create things that serve human 
purposes, as opposed to natural and social sciences, which try to understand reality 
(March & Smith, 1995). The purpose of DSRM is to improve the state of current practice 
(Hevner et al., 2004; Vaishnavi & Kuechler, 2007). This definition obviously suggested 
that DSRM is justified to achieve the main aim of this research which is to find the IT 
artefacts i.e. software specification of DSS for CSP.  
March and Smith (1995) identify that build and evaluate are the two main 
research activities in design science. Build refers to the development of constructs, 
models, methods and artefacts demonstrating that they can be constructed. Evaluate 
refers to the development of criteria and the assessment of the output's performance 
against those criteria. By the accomplishment of this research, the current practice of 
public organization particularly for consultant selection in infrastructure project is 
anticipated to be more effective.  
The usability evaluation will then be conducted to assess the acceptance of the 
design IT artefacts. The goal of the design artefact evaluation is to show that the proposed 
artefact provides value to the problem domain. By showing that the design artefact or the 
DSRM framework fulfils the requirements and constraints of the problem domain, the 
researcher demonstrates that the design theory is complete and effective. Although there 
are numerous DSRM process or frameworks that exist in IS literatures (Hevner et al., 
2004; March & Smith, 1995; Nunamaker, Chen & Purdin, 1990; Nunamaker et al., 1991; 
Peffers, Tuunanen, Rothenberger & Chatterjee, 2008; Vaishnavi & Kuechler, 2007), most 
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of them believed that build and evaluate of IT artefacts are the central parts of the DSRM 
framework. 
Vaishnavi & Kuechler (2007) have introduced a simple yet effective DSRM 
framework. It consists of five phases that include Awareness of Problem, Suggestion, 
Development, Evaluation and Conclusions. The brief descriptions of each phase are as 
follows (Vaishnavi & Kuechler, 2007): 
• Awareness of Problem: The research problems are investigated from the 
literature. They might originated from the industry or from the body of knowledge 
in a specific domain. The output of this phase is a proposal for a new research 
effort.  
• Suggestion: A suggestion of how to address the research problem from the first 
phase is presented in a form of tentative design. 
• Development: The tentative design is implemented in this phase. The techniques 
for implementation will of course vary depending on the artefact to be 
constructed. 
• Evaluation: Once the artefact is constructed, it will then be evaluated based on the 
specific criteria. The evaluation can be quantitative or qualitative in nature. At this 
stage, the earlier phase might be revisited based on the feed back from the 
evaluation report.  
• Conclusions: This phase is the final stage of a specific research effort. Typically, 
it is the result that satisfies and is considered good enough for the research 
problem. 
Table 4.2 illustrates the adapted process of DSRM by Vaishnavi & Kuechler 
(2007). The figure shows the knowledge flow, five stages of process steps and their 
output. Every stage might be reiterated based on the feedback of the artefact evaluation. 
DSRM is inherently a problem solving process which emphasis on build and evaluate as 
a central idea. 
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Figure 4.2 General Methodology for Design Science Research as adapted 
from Vaishnavi & Kuechler (2007) 
 
 Hevner et al. (2004) emphasised that DSRM should follow a set of guidelines to 
conduct the research. The purpose of this guideline is to promote researchers to 
understand the requirements for effective DSRM. There are seven guidelines as briefly 
summarized in Table 4.2.  
 
Table 4.2  Design Science Research Guidelines (Hevner et al., 2004) 
 
Guideline Description 
Guideline 1: Design as an 
Artefact 
Design-science research must produce a viable artefact in the form of a 
construct, a model, a method, or an instantiation. 
Guideline 2: Problem 
Relevance 
The objective of design-science research is to develop technology-based 
solutions to important and relevant business problems. 
Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artefact must be rigorously 
demonstrated via well executed evaluation methods. 
Guideline 4: Research 
Contributions 
Effective design-science research must provide clear and verifiable 
contributions in the areas of the design artefact, design foundations, 
and/or design methodologies. 
Guideline 5: Research Rigor Design-science research relies upon the application of rigorous methods 
in both the construction and evaluation of the design artefact. 
Guideline 6: Design as a Search 
Process 
The search for an effective artefact requires utilizing available means to 
reach desired ends while satisfying laws in the problem environment. 
Guideline 7: Communication of 
Research 
Design-science research must be presented effectively both to 
technology-oriented as well as management-oriented audiences. 
Awareness of Problem 
Suggestion 
Development 
Evaluation 
Conclusion 
Outputs Process Steps Knowledge Flows 
Proposal 
Tentative design 
Artefacts 
Performance measurement 
Results 
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The aforementioned research activities will be conducted under DSRM umbrella. 
However, to fit in with the research objectives, the suggestion and evaluation phase will 
be conducted via case study approach.   
 
4.3.2 Case Study 
The appointment and utilization of the engineering consultancy services reveal some 
deficiencies in Malaysian infrastructure planning. Problem exists where the responsible 
government agency does not hire appropriate consultant (Kadir et al., 2003). According 
to Chan (1997), poor management of rivers and ineffective flood control regulations are 
reasons why flood hazards are on the increase. He suggested that government department 
such as DID should enforce their ability and skills by acquiring in-depth knowledge of 
flood management and control. Clients who do not have a good understanding of the 
design and management may suffer severe losses especially for large infrastructure 
projects. This can be avoided by hiring good consultant for infrastructure project 
particularly on irrigation and drainage. 
  In this research, case study is suitable to understand the problem, requirement 
and decision making scenario for consultant selection in Malaysian Department of 
Irrigation and Drainage (DID).  Case study is a traditional approach to the study of topics 
in social science and management. It is an ideal methodology when a holistic, in depth 
investigation is needed (Feagin, Orum & Sjoberg, 1991). In IS, a case study examines a 
phenomenon in its natural setting, employing multiple methods of data collection to 
gather information from one or a few entities such as people, groups, or organizations 
(Benbasat, Goldstein & Mead, 1987). Valverde (2008) added that a case study enables 
the researcher to deeply study the systems in the real environment of the study object 
rather than in a simulated environment. Yin (2003) also suggested that there are four 
steps to conduct case study; (1) design the case study, (2) conduct the case study, (3) 
analyse the case study evidence and (4) develop the conclusions, recommendations and 
implications. There are at least six sources of evidence in case studies such as documents, 
archival records, interviews, direct observation, participant-observation and physical 
artefacts (Yin, 2003).  
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The case study method is important to carry out system analysis and to investigate 
the design related to the process of consultant selection specifically in Malaysian DID. 
Based on Vaishnavi & Kuechler (2007) DSRM framework, these activities are performed 
under suggestion phase. Thus, case study is chosen as a research approach to justify the 
requirement elicitation, requirement analysis and design for consultDeSS. On the other 
hand, Hevner et al. (2004) recommended case study as a strategy to evaluate the IT 
artefacts. Thus, the evaluation phase may utilize case study to assess the usability and 
utility of DSS by observing its usage by the decision makers at Malaysian DID. 
 
4.3.3 The Mixed Research Approach 
Nunamaker et al. (1991) stated that DSRM can also be used in conjunction with other 
research approaches such as case study and survey. Lately, a number of IS research has 
adopted DSRM that is mixed with other methodologies. DSRM were deployed with case 
study to gain an in depth understanding of specific phenomena in IS problem such as user 
modelling for usability (Adikari et al., 2007) and ontology for legacy systems (Valverde, 
2008). The integration of the research methods was justified to achieve the research 
objectives.  
In this study, DSRM is adopted to be the main research method considering that 
the main aim is to find the DSS specifications for CSP. However, it is also essential for 
this research to adopt case study into the DSRM framework considering that there are 
three phenomena that require an in-depth investigation. The events are (1) the 
requirement elicitation of system and user requirement, (2) a requirement analysis for 
decision model development of consultant selection and (3) the usability analysis of DSS 
for CSP. The system and user requirement, decision making for CSP and usability of 
DSS for CSP are phenomena or objects to be studied in this research. These case studies 
can provide an insight because not much is actually known about these events before.  
The first and second case studies can be used as a strategy to accomplish the first 
objectives which is to provide a more structured requirement analysis. The resulted 
finding from these case studies will then be the subject of the design and implementation 
of IT artefacts. The creation of DSS artefacts or prototyping will be conducted under 
DSRM framework. This will then link with the second objectives i.e. to design a robust 
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prototyping for CSP. Later, based on Nunamaker et al.’s (1991) and Hevner et al.’s 
(2004) suggestions for artefact evaluation, the third case study will be conducted to 
empirically asses the usability of DSS. The recommendation and comments from the 
domain expert will be used as guidelines to prepare the final DSS software specifications  
In short, the first and second case study will serve as “proof of concept” by 
showing the decision making process in Malaysian DID. Meanwhile, DSRM as the main 
approach with the third case study will serve as “proof by demonstration” by designing 
and evaluating innovative IT artefact for CSP. A study revealed that the combination of 
research methodology in DSRM framework can create better IS theories and gain more 
relevance to IS practice (Adams & Courtney, 2004). Based on the above description and 
considering the nature of DSS for CSP, it is obvious that this research is justified to 
follow the DSRM as the main methodology combined with case study approach.  
 
4.4 The Research Process Framework 
This research follows the general framework of DSRM as depicted in Figure 4.2. In 
addition, two case studies have also been conducted as a part of DSRM. Figure 4.3 
illustrates the methodology that was adopted by this research. As discussed in previous 
section, a series of design and development of DSS are essential before the artefact can 
be evaluated.  In this research, there are five main phases as suggested by Vaishnavi & 
Kuechler (2007). The phases consist of (1) Awareness of Problems, (2) Design, (3) 
Implementation, (4) Evaluation and (5) Conclusions. The following sections will explain 
each of the phases and its research activities. 
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4.4.1 Phase 1: Awareness of Problems 
The first phase of the research starts with awareness of the problems and literature review 
is the only activity in this phase. The output at this stage is the proposal with a critical 
review of CSP and progress of DSS in construction. There are two chapters for literature 
review. Chapter 2 describes the construction domain with emphasis on consultant 
selection decision making and Chapter 3 concentrates on the approach to solve decision 
making problem which is the DSS. It is essential at the very beginning to first identify the 
needs of and also the gaps in construction industry particularly on infrastructure planning. 
Once the gap has been identified, the literature review will then study the approach of 
how to address the problem. 
The investigation starts with the fundamental aspects of the infrastructure project 
and project delivery which focus on planning phase. At this stage, the study focuses more 
on the engagement of consultants in infrastructure project.  The literature review has 
presented various consultant selection procedure and selection criteria that have been 
adopted by many organizations. Management judgment problem in infrastructure 
planning are identified in many countries where a lot of vague alternatives in decision 
making are wisely aided. Many decisions are made just by instant human intuition. One 
of the examples of decision making problem was identified in Malaysia where there were 
few unsuccessful irrigation and drainage projects pointed to consultants. Thus, this has 
brought the research to a decision making problem to select the best engineering 
consultant.  
In order to solve the CSP, it is essential to exploit IT technology to provide a 
more transparent and efficient decision making process. Therefore, DSS is considered as 
a good option to solve CSP. In construction, DSS and other IT technologies have gained 
popularity in the past decades where DSS has been introduced many times in the 
construction domain. However, most DSS tools were found impractical as most of them 
are complicated. The impracticality of DSS continues in consultant selection application 
where most studies in construction only concentrated in model development of DSS. The 
fundamental aspects of computing were left out and this has contributed to unused 
decision model by managers and decision makers (DM) due to a highly abstracted 
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mathematical model. DSS should provide a more genuine application through the balance 
of software engineering and human centred computing.  
As a result, an extensive literature review has been conducted to explore the state-
of-art of the requirement engineering aspect in DSS specifically in construction project 
delivery domain. It is found that there are huge gaps in every requirement engineering 
stages except for decision model development. This is one of the reasons why the 
adoption of DSS is difficult in the industry. Thus, the full aspect of requirement 
engineering of DSS in construction area has been explored and presented.  
 
4.4.2 Phase 2: The Design 
The second phase of the research concerns on the design aspect of consultDeSS. It 
involves an in-depth investigation of DSS requirements in terms of organisational, user 
and decision used in consultant selection at Malaysian DID. The output of the case study 
was constructed to justify the tentative architectural design for consultDeSS. Conducting 
a case study is considered as “proof by concept” (Nunamaker et al., 1991) and will link 
up with the first objective of the research which is to provide a sufficient platform for 
software requirement analysis and design. 
Initially, the process starts with requirement elicitation phase. Based on Coulin & 
Zowghi (2005), requirement elicitation may begin with an informal and incomplete high-
level mission statement for the project. This is to promote a wide exploration of problem 
domain in a high level description. It concentrates on the elicitation of organisational 
business process, stakeholders requirements, goals and task of the system that were 
explored, while the former investigates the individual functionality, business flow, 
information needs, systems with other interfaces and also user requirement or modelling.  
As explained in the literature review, the viewpoints of domain experts are important 
to understand the business role and justification for the software. In addition, government 
circular and documents can be used to understand the event of system implementation in 
the organization. By considering these factors, it is essential to understand the systems 
and user requirements before implementing a DSS in a public organization. Thus, a case 
study will be conducted to investigate this event. A case study approach is particularly 
useful in terms of discoverability and explorability. The approach for the case study will 
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be based on guidelines described by Yin (2003). The purpose of this case is to investigate 
DSS requirements in terms of organisational, user and decision at Malaysian DID 
particularly for CSP. The following are the steps required to conduct case study i.e. 
designing case study protocol, conduct case study, analysed case study evidence, and 
case study report (Figure 4.4). The approach for the case study is based on guidelines 
described by Yin (2003). The descriptions of each step are as follows: 
 
Case Study Procedure for Phase 2 : 
i) Designing Case study Protocol:  
The protocol includes an overview of the case study project (objectives, issues), field 
procedures (data sources), case study questions and a guide for the case study report.  
 
ii) Conduct the Case Study:  
To improve the reliability of the case study, the data used in this research were mainly 
collected through different sources such as semi-structured interviews, department’s 
procedure documents, government circular and letter of instructions, manuals and 
websites. Considering that this research concerns on the usability aspect of a computer 
system, 5 respondents were chosen at Malaysian DID. As mentioned in Chapter 1 
(Section 1.3), the objective of the research is to design a DSS prototype and focusing to 
usability concept. According to Nielsen (2000), it is scientifically proven and suffice to 
include three to five respondent to give feedback for software development project 
involving usability. This has been discussed in section 3.4.5.  
For this research, respondents of the interview session are the decision makers 
involved in consultant selection in the department rank from middle to senior officer. The 
semi-structured interview was conducted to acquire primary data which is useful in 
probing and in dealing with complex issues regarding organisational setting and user 
model. This type of interviews provide the answers for the interviewer enquiry and broad 
up further enquiries by asking open-ended questions (Yin, 2003). The selection process 
regarding the organisational flow of consultant selection process was discussed during 
interview. In addition, respondents were asked regarding user modelling attributes and 
decision criteria used in the department during consultant prequalification (Appendix B2 
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and Appendix B3). The attributes in user modelling and decision criteria available are 
based on section 2.3.2 and 3.4.1 respectively. Lastly, respondents were asked to perform 
technical assessment to select consultants on two real project i.e. Enhancement of Flood 
Mitigation Plan of Sungai Muda (Case A) and Sungai Klang Flood Mitigation Project 
(Case B). The purpose of this step is to observe how the standard decision making 
process is practiced in the department and how they aggregate decision making within 
group. Yin (2003) suggested that the selection of case needs to be related to research 
problem and attributes that are most likely to yield relevant data need to determined. In 
order to produce meaningful result, this study has identified four main criteria as follows; 
• Project that has been completed. 
Project needs to be completed as it will provide some documentations or technical 
reports in the department. 
• The selection method is based on assessment  
The selection method must provide some form of assessment i.e. technical and 
financial assessment. Direct negotiation is not suitable for this study. 
• The project hires local consultant. 
This is important because the availability of data on consultant’s profile and 
standard set of criteria are practiced in the department for local consultants. This is 
to ease data analysis in the next stages and to provide some insights in the result 
• The project is located in Malaysia. 
This is directed to the research problem where decision making problems were 
identified in Malaysia. Thus the project involving irrigation and drainage must be 
located in Malaysia. 
• Project Type 
Most of decision problems involving were directed to flood mitigation project. 
Therefore the selected project are based on this type of infrastructure project. 
• Size of Project 
Project are also chosen between middle to top range size of project as indicates by 
Malaysian Ministry of Finance 
• Project Delivery 
Project cases are chosen based on different type of project delivery 
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The selected cases fulfil the above criteria and it is set at the beginning of field work. The 
data gathered from the case study were compiled in a worksheet as suggested by Lau and 
Mylopoulos (2004). The format of worksheet is drawn from Organization for the 
Advancement of Structured Information Standards (OASIS) for ebXML Business 
Process Project.  
 
iii) Analyse the case study evidence:  
Data analysis in case study consists of examining, categorizing, tabulating, or otherwise 
recombining the evidence to address the initial propositions of a study (Yin, 2003). In this 
research, the data gathered from worksheet are analysed using Tropos, an agent oriented 
requirement technique. The two types of analysis are Early Requirement (ER) Analysis 
and Later Requirement (LR) Analysis. ER analysis was conducted to understand the 
environment of the current system at DID. On the other hand, LR analysis is concerned 
on the design of the system-to-be within its operating environment, along with relevant 
functions.  The end product is architectural design. Actor diagram and goal diagram were 
used to illustrate the process.  
 
iv) Case Study Report:  
Develop the conclusions, recommendations and implications.  
The followings figure illustrates the case study process in Phase 2. (Figure 4.4) 
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Figure 4.4 Case study 1: Requirement Elicitation and Analysis 
 
 
4.4.3 Phase 3: The Implementation 
The third phase of DSRM is the build or implementation phase. At this stage, an IT 
artefact is developed based on the design in the previous phase. The deliverables of 
artefacts are produced in the form of constructs, model, method and instantiations. For 
this research, the output of this phase is the instantiation which is the combination of 
constructs, model, and methods. The accomplishment of the third research phase i.e. 
Requirement Elicitation 
1. Organisational setting 
- document analysis on Government circular (DID, 
2011; DID Malaysia, 2007, 2008, 2009; Ministry of 
Finance, 2002, 2004, 2007) 
2. user model   
   - semi-structured interview  
3. current decision model practiced 
- user input from standard technical assesment form 
and document analysis. 2 real project were applied 
 
Compile 
requirements to 
Worksheet 
Conduct Case Study 
Design Case Study Protocol 
 Requirement Analysis  
- transform worksheet data to Early 
Requirement Analysis 
- perform Late Requirement Analysis 
 
 
Architectural 
Design 
Analyse Case Study 
Case Study Report 
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Implementation Phase addresses the second research objective which is to provide a 
practical DSS prototype for CSP. This will serve as “proof by demonstration” in DSRM 
as described by Nunamaker et al.(1991). Phase 3 is divided into Requirement Definition, 
Decision Model Development and Web based DSS implementation (Figure 4.5).  
 
 
Figure 4.5 Implementation of consultDeSS 
 
Initially, requirement definition was performed to design a database for consultant and 
DSS by using ERD. Moreover, Structured Query Language (SQL) was deployed for data 
retrieval and manipulation. A search facility was developed based on SQL query. Next, 
Fuzzy TOPSIS was defined and developed to support single user and group decision 
making for CSP. On top of that, a web based DSS namely consultDeSS (consultant 
selection Decision Support System) was developed by using server side technologies 
such as PHP programming language. The program is also supported by other scripting 
languages such as HTML and Javascript to create more interactive user experience. The 
system also utilises Apache web server to host for local testing. In addition, MySQL was 
used as the database. The prototype was developed by using Adobe Dreamweaver and 
Zend Studio as a development tools to write the web based script on Windows Vista 
platform. 
 
 
 
 
Requirement Definition 
- Database 
- Query and data retrieval 
- Search facilities 
 
Decision Model 
- Fuzzy TOPSIS 
Web based DSS 
consultDeSS 
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4.4.4 Phase 4: The Evaluation 
After developing an artefact, the instantiation or prototype needs to be evaluated to 
determine “how well” an artefact works (Hevner et al., 2004). Thus, this phase provides 
an essential feedback to the previous research activities. It is possible that changes will be 
made upon receiving comments from the DSS users and the previous steps need to be 
revisited. The output of this phase produces the “ideal” artefacts after a series of iteration 
and improvement had been made (Vaishnavi & Kuechler, 2007). It also addresses the 
third research objective which is to assess usability of DSS for CSP. There are various 
approaches to evaluate the artefact as suggested by Henver et al. (2004) such as 
observational, analytical, experimental, testing, and descriptive techniques. The following 
are the descriptions of these approaches (see Table 4.3). 
 
Table 4.3 DSRM Evaluation Methods 
Case Study: Study artefact in depth in business environment Observational 
Field Study: Monitor use of artefact in multiple projects 
Static Analysis: Examine structure of artefact for static qualities (e.g., 
complexity) 
Architecture Analysis: Study fit of artefact into technical IS architecture 
Optimization: Demonstrate inherent optimal properties of artefact or provide 
optimality bounds on artefact behaviour 
Analytical 
Dynamic Analysis: Study artefact in use for dynamic qualities (e.g., 
performance) 
Controlled Experiment: Study artefact in controlled environment for qualities Experimental 
Simulation. Execute artefact with artificial data 
Functional (Black Box) Testing: Execute artefact interfaces to discover 
failures and identify defects 
Testing 
Structural (White Box) Testing: Perform coverage testing of some metric 
(e.g., execution paths) in the artefact implementation 
Informed Argument: Use information from the knowledge base (e.g., 
relevant research) to build a convincing argument for the artefact’s utility 
Descriptive 
Scenarios: Construct detailed scenarios around the artefact to demonstrate 
its utility 
 
Generally, most of the researches in IS use case study with user testing, which is suitable 
as part of the approach to evaluate DSS. For instance, Borenstein (1998) used a case 
study to validate a DSS by using a qualitative approach. On the other hand, it is also 
important to distinguish between evaluation and validation.  According to Gass (1983), 
validation is the process of defining whether DSS behaves well in the real world in a 
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particular problem. Meanwhile evaluation includes the verification, validation and quality 
control of the usability of the model and its readiness to use (Gass, 1983).  
Based on the nature of the artefact, a case study approach to evaluate the DSS is 
suitable to be adopted in this research. Case study is used to apply and validate the DSS 
input and output. Borenstein (1998) and Nielsen (2000) suggested that usability heavily 
involves human behaviour and it is not possible to quantify the behaviour particularly 
involving system usability. Thus the case study adopted in this research is qualitative in 
nature. The method for data collection is through user testing and unstructured interview. 
User testing executes the consultDeSS interface to find defects of the system. On the 
other hand, unstructured interview allows users to freely provide their opinion without 
any pre set question. Literatures suggest that participation of end users can be valuable as 
the feedback received are mostly significant (Smith, 2010; Ssemugabi & Villiers, 2007).  
As mentioned before, usability evaluation is at best to be evaluated by 3 to 5 evaluators. 
Thus, the case study adopted by this research involved the same 5 respondents from 
Phase 2. Figure 4.6 illustrates the framework to evaluate consultDeSS. 
 
 
Figure 4.6    Case Study 2: DSS Evaluation 
consultDeSS Prototype 
Subsystem Validation 
(Model Evaluation) 
Optimal Prototype Design 
Case A Case B Global Utility Evaluation 
Usability Evaluation 
 
Face Validation 
End Testing 
System 
Modification 
Adequate 
design? 
Yes 
No 
Decision 
approach
Modified Model 
satisfied not satisfied 
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The followings are the steps of the Case Study 2: 
Case Study Procedure for Phase 4 
i) Designing Case study Protocol:  
The same decision makers in Phase 2 are involved in this activity. They are debriefed 
orally and with some basic documentation regarding the purpose and procedure of DSS 
evaluation. Thus, decision makers act as evaluators in this section.  
 
ii) Conduct the Case Study:  
The progress of case study is based on the iterative evaluation process which starts from 
Subsystem Validation followed by Face Validation. 
Subsystem Validation: The purpose of sub-system validation is to test the logic of the 
decision model. Two real project cases used in Phase 2 (Case A and Case B) were 
analysed.  The process started with evaluators asked to enter the input for technical 
assessment by using DSS. Data input from evaluators were stored. The approach is 
similar to the previous case study in Phase 2, except that this assessment is computerised 
instead of paper based. Evaluators are also free to browse the system.  The next activity is 
face validation. 
Face Validation: The purpose of Face Validation is to asses the usability and overall 
utility of DSS. Upon completion of sub-system evaluation, user evaluation form was 
distributed to evaluators (Appendix C4) . The form was designed based on heuristic and 
utility construct discussed in section 3.4.5. Evaluators are required to rate any usability 
errors in the system. According to Nielsen (2005b), the overall severity score of each 
heuristic is between 0 = No Usability Problem, 1 = cosmetic problem only, 2 = Minor 
Usability Problem, 3 = Major Usability Problem, and 4 = Usability Catastrophe. In the 
evaluation form, evaluators are also required to determine whether to modify the decision 
approach and/or the user interface of the system.  The evaluation is also followed up by 
unstructured interview to collect additional input from evaluator based on their 
experience using the system. Previous process will be revisited should changes are 
needed. 
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iii) Analyse the case study evidence:  
The analysis methods for both validations are as follows: 
Subsystem Validation: 
The result based on Fuzzy TOPSIS decision model was disseminated by categorizing, 
tabulating and identifying patterns of decision among decision makers. Ranking of 
consultant from decision makers were analysed and result derived from paper based 
system from Phase 2 was compared.  
Face Validation: 
The feedbacks from evaluators were disseminated by categorizing, tabulating and 
identify patterns of usability problems. System will be revised depending on the severity 
of identified usability problem. Descriptive statistic such as frequency analysis, mean and 
standard deviation were performed for both heuristic and global utility evaluations. 
iv) Case Study Report:  
Develop the conclusions and implication of the case study 
 
4.4.5 Phase 5: Conclusions  
This is the final phase of the research where it will conclude and summarize the findings. 
Deliverables of this phase is the software specification of DSS for CSP. Thus, this will 
directly address the main research aim. It is based on the “optimum” or ideal artefact that 
has been implemented and refined from previous research activities. The specification is 
illustrated by using UML diagrams such as use case and activity diagram. The finding 
produced in this research is brought back to the body of knowledge/literature. 
 
4.5 Ethical Consideration 
The ethical considerations of this study involve protecting the rights and welfare of 
participant’s semi-structured interview and case study.  This study  serves  to  achieve  
outcomes  that  are  beneficial  to  the  infrastructure project in Malaysia and DSS 
development in construction. In  doing  this,  the research aims to preserve the 
truthfulness of research, the integrity of the individual researcher,  the  reputation  of  the  
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organisations  responsible  for  research,  and  the responsibility of the researcher to both 
the general community and to specific groups that have an interest in this research. This  
research  project  followed  guidelines  provided  by  the  QUT  Research  Ethics 
Committee  in  line  with  requirements  by  the  Science and Engineering Faculty 
(formerly Faculty  of  Built  Environment  and Engineering).  This  involves  the  
ascertaining  of  approval  and  clearance  for  the research  topic,  the  data  collection  
methods,  the  instruments,  materials  used,  the  site and  location information  required,  
treatment  of  data,  the methods of analysis, confidentiality issues, dissemination of 
information and results, and intellectual property and copyright issues.  Cover  letters as 
in Appendix B1 were  attached  to  the  questionnaires  explaining  the  purpose  of  the 
research,  giving assurance of  confidentiality, outlining the benefits of the study and 
soliciting  voluntary  participation  by  the  sample  population.  In addition, optional 
consent forms for voluntary participation were provided to the potential interviewees. 
Each individual and organisation was required to understand and agree  with  the  terms  
and  conditions  before  participating  in  the  session.  Fulfilments  with  other  
requirements  was  confirmed  in  consultation  with  the  individual participants, and with 
the guidance and advice of the principal research supervisor. 
 
4.6 Chapter Summary 
This chapter focuses on the research methodology used in this study. Due to the nature of 
the research aims and the derived objectives, this research can be regarded as an IS type 
of research where the anticipated output of the study is the system artefacts. Thus, the 
research study carried out here is based on Design Science Research Methodology with a 
combination of case study. Case study provides a powerful qualitative approach to 
understand a specific event. There are five research phases which consist of awareness of 
research problems, design, implementation, evaluation and conclusions. The research 
methodology is strengthened by three two studies in order to achieve its objectives. These 
case studies were undertaken at Malaysian Department of Irrigation and Drainage to 
investigate few aspects pertaining the design, development and evaluation of DSS for 
CSP. Each phase and research activities will link or contribute to the fulfilment of the 
research aim and objectives. 
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“The indispensable first step to getting the things you want out of life is this: decide what 
you want.”  
 Ben Stein 
 
 
 
Chapter 5: The Design of 
consultDeSS 
 
 
 
 
 
 
5.1 Introduction 
The process of requirement elicitation for DSS is vital towards successful software 
development (Cheng & Atlee, 2007). The application domain under consideration has to 
be characterized in terms of stakeholders’ roles and of their objectives, and decision 
making processes involved in construction projects (Tsui & Karam, 2007). This chapter 
focuses on Phase 2 of the research process as discussed in the previous chapter (section 
4.4). It presents the result of requirement elicitation and analysis drawn from documental 
analysis, semi structured interview and case study for consultant selection process at 
Malaysian DID. System requirements were gathered and designed using goal based 
requirement engineering technique called Tropos. As a result, an initial software 
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specification was developed after completing Early Requirement Analysis and Late 
Requirement Analysis in Tropos. Software specification is important as a communication 
medium to design an effective DSS. 
 As mentioned in previous chapter, there are three types of research procedures 
which are design, build and evaluation. This chapter demonstrates the design aspect of 
consultDeSS. The design requirements from targeted users or stakeholders are of central 
importance to information systems development.  Hence, the result of this chapter paves 
way for further discussion on the implementation aspect of DSS for consultant selection. 
According to Georgini et al (2008), it is important to understand the three 
elements of requirement which are organization, user and decision. Thus, this chapter 
describes the three important aspects in elicitation i.e. organizational settings, user model, 
and decision model. The chapter starts with a brief introduction of Requirement 
Elicitation.  Recent government documents such as circulars and annual reports were 
analysed to investigate the current organisational settings and procedure for consultant 
selection. Organisation was divided into operational, managerial and strategic in order to 
produce final decision making. On the other hand, the next section highlighst user model 
that was developed to understand user needs, expectation and their experience with 
current and future system. Semi structured interviews with five decision makers were 
conducted to source the user model. Pursuing this further, decision makers were also 
involved to provide their opinion and assessment on consultant selection on two past 
projects i.e. Consultant Selection for Enhancement of Flood Mitigation Plan of Sungai 
Muda and Consultant Selection for Sungai Klang Flood Mitigation Project. The results 
were compiled in the last sub-section which is the decision model. This approach 
significantly helps to understand the behaviour of current system for consultant selection 
in the department. 
Next, in the Requirement Analysis section, the information gathered from the 
requirement elicitation has been be used to transform requirements into a preliminary 
software model.  This process is called requirement analysis. Tropos was deployed to 
construct Early Requirement (ER) Analysis that consists of goals, actors, and social 
system dependency for consultant selection process. This allows designer to study the 
domain where the system will be implemented. Next, the Late Requirement (LR) analysis 
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was performed to convert the initial design to the system-to-be. LR analysis was further 
refined by the introduction of Architectural Design. A set of new actors and tasks to 
accommodate consultant selection process was added to the DSS design.  This is the 
deliverables of the chapter that answer the first research question “Theoretically 
insufficient DSS Design”. Based on Design Science Research Methodology, the construct 
and model established in design stage can be considered as “proof-by-concept” (March & 
Smith, 1995). Finally, the chapter concludes with a summary of findings.  
For DSS implementation purposes, the raw data gathered from elicitation process 
are meaningless unless they can be analysed towards information system design. Thus the 
requirement data was transformed into software design by using Tropos Requirement 
Analysis technique. The finding of this chapter answers the first research question 
“Theoretically insufficient DSS Design”. Figure 5.1 illustrates the link between Chapters, 
Research Objectives and Research Questions. 
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Figure 5.1 The link between Chapters, Research Objectives and Research  
  Questions           
      
 
5.2 Requirement Elicitation (RE) 
RE can be generally defined as identification of goals, constraints, and features in current 
situation of an entity or organization. RE in DSS concerns on three main aspects i.e. 
organizational settings, user model and decision model (Figure 5.2) 
Chapter  Research Objectives Research Questions 
Chapter 7: 
 
The 
Evaluation of 
consultDeSS 
Perform a sufficient software requirement analysis 
and design for DSS 
- conducting requirement elicitation by identifying 
organizational, user and current decision model for 
consultant selection 
- performing Tropos requirement analysis for 
consultant selection which encompass early 
requirement, late requirement and architectural 
design 
 
Theoretically 
insufficient 
DSS Design 
 
Lack of 
practicality 
sound DSS 
Chapter 5: 
 
The Design of 
consultDeSS 
Develop a practical prototype for DSS 
- Develop DSS components such as data 
management, decision models and user interface for 
web based application 
- integrate DSS components into three tier platform 
such as operational tier, middle tier and top tier 
module 
Chapter 6: 
 
The 
Implementation 
of consultDeSS 
Establish DSS Evaluation framework to assess 
usability 
- conducting sub system validation to validate DSS 
components such as decision models  
- performing face validation to assess DSS general 
utility and usability using heuristic evaluation 
technique 
Disregard 
the validity of 
DSS usage 
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Figure 5.2 Elements of Requirement Elicitation in DSS (Giorgini et al., 2008). 
 
An organisational setting was the first aspect that has been examined. To 
understand the process and DID Malaysia, documents including government documents 
such as recent circulars and annual reports were analysed (DID, 2011; DID Malaysia, 
2007, 2008, 2009; Ministry of Finance, 2002, 2004, 2007).  
Next, the development of user modelling was carried out to collect decision 
maker’s opinion on their needs, expectation, experiences and necessary decision criteria 
for consultant selection.  A semi structured interviews were conducted with five senior 
officers involved with decision making in the organisation for more than seven years. 
Three of the decision makers are head of departments and two are district engineers. In 
addition, quantity surveyor officer from Quantity Survey and Contract Division (QSCD) 
was also involved to verify the procedure and consultant selection process. To increase 
the validity of the data, documental analyses involving a number of government circulars 
were also performed. These approaches help to gain a clear understanding on the current 
practice of selection process.  
Thereafter, the pattern of decision making style was examined in decision model 
section. Similarly, this phase involved the same decision makers where they were given 
tasks to complete technical assessment on two past projects using their current procedure. 
The result for organizational settings, user modelling and decision modelling are 
presented in the next sub section. 
 
 
 
Requirement 
Elicitation in DSS 
Organisation 
User 
Decision 
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5.2.1 Organizational Settings 
Generally, organizational model within organization are bounded by goals and constraint. 
Organisation may consist a group of individuals working towards specific goals, whose 
behaviour is modified by rules and structure (Scott, 1992).  In this study, it is important to 
understand the organizational settings before starting the design DSS for consultant 
selection at Malaysia DID.  
Irrigation development in Malaysia was established in the 20th century with the 
introduction of Kerian Irrigation Schemes in 1982 (Ghazalli, 1998).  In 1930, British High 
Commissioner set up a Rice Cultivation Committee to determine "the best steps to be 
taken in order to encourage rice cultivation in Malaya" (DID, 2011). A year later, DID 
was setup by the committee to handle the increasing needs of irrigation in paddy 
cultivation areas (Ghazalli, 1998). After years of long history, the department now has 
expanded its responsibilities to various infrastructure duties such as irrigation, agriculture 
drainage, river engineering, coastal engineering, urban drainage, and water resource 
management (DID Malaysia, 2007). The following table summarizes the services offered 
by DID (Table 5.1). According to Ghazalli (1998), due to rapid development after the 
independence, the country has invested more than MYR 2200 million for irrigation 
development projects since 1960. The figure includes cost of appointing numerous 
engineering consultant firms for infrastructure project. Engineering consultant firms play 
a major role as they are involved in the overall phases of the infrastructure development. 
They provide variety of important services for their public clients. Due to this great 
responsibility towards the completion of infrastructure project, it is desirable for the 
client to assess and select the best consultant. Thus, DID has developed their own pre-
qualification process. 
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Table 5.1 Summary of Services Provided by Malaysia DID (DID, 2011) 
Infrastructure Development Descriptions 
Irrigation Provide irrigation facilities and infrastructures for the cultivation of 
paddy and other crops 
Agriculture Drainage Plan and design drainage facilities and infrastructures to support the 
development of tree crops and commercial crops. 
River Engineering Carry out flood mitigation works in rural and urban areas to alleviate 
flooding through maintenance and reformation of rivers such as 
dredging, diversion and river training. 
Coastal Engineering Undertake studies and to implement works on coastal erosion and 
river mouth siltation and to carry out the collection of coastal 
engineering data. 
Urban Drainage Carry out master plan studies as well as planning, design, 
implementation and management of urban drainage works to 
overcome flooding and drainage problems in urban areas. 
Water Resource Management  Manage and regulate the state's water resources. 
Supporting Services Provide professional civil engineering support services to departments 
and agencies under the Ministry of Agriculture Development and 
Food Industry. 
 
The selection process starts with the applicant’s official request for engineering 
consultancy services for an infrastructure projects. Applicant may refer to district 
engineers, project engineers, civil engineer, etc. From a long list of candidates, applicants 
need to be filtered and at most five consultant should be selected (Ministry of Finance, 
2002). The selection is made on the basis of certain criteria. The applicant will then 
prepare the assessment and submit the certification paper that consists of consultant 
candidate’s name and their evaluation to the QSCD headquarters. QSCD acts as a 
secretariat in the consultant selection process. The documents submitted by applicant may 
also be supplied by the following items (Malaysian Ministry of Finance, 2006); 
• approval budget  
• Terms of Reference (TOR) and work scope  
• approximate project cost 
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After the application is received at QSCD headquarters, shortlisted consultant candidates 
will be invited to prepare Technical and Financial Proposal (TFP). A technical committee 
is set up among top management personnel to evaluate the candidates. According to a 
government circular (Ministry of Finance, 2007), technical committee may consist; 
• a representative of secretary/Deputy Director of DID whom act as chairperson 
• two officers from management and professional group  
 
Next, QSCD will forward all necessary documents including technical and fee proposal 
to Technical Committee to be evaluated. The assessment in the department is based on 
Quality and Cost based Selection Method (DID Malaysia, 2008). The consultant 
candidates are required to prepare TFP in two different envelopes. The committee will 
examine the technical proposal and followed by the fee. According to FIDIC (2003), the 
process involving two envelope systems evaluation on technical proposals would be 
carried out without opening the fee proposals to ensure the assessors would not be 
influenced by the bid price during technical assessment. The fee proposals would be 
assessed after the completion of technical assessment. The final score is computed by 
applying a pre-agreed technical / fee weightings to the technical and fee scores. The 
technical / fee weightings are different for projects of different scales and complexities 
but the technical score is always the dominant one (FIDIC, 2003). Consultant with the 
highest final score would be awarded. After the committee reaches the consensus with 
their decision, the result is forwarded back to QSCD for endorsement from Treasury and 
to sign off the certification paper. Eventually, the applicant will receive an official 
notification of approval from QSCD. Figure 5.3 illustrates the process of consultant 
selection at DID. The flowchart has been adapted to align with three types of 
management control infrastructure i.e. operational, managerial and strategic (Averweg, 
2008; Grigg, 1988; Niekerk & Voogd, 1999). These controls reflect the decision support 
framework across organization from lower to top level management. The flowchart 
represents an overall process within organisation.  Based on the documental analysis on 
government circulars, the main drawback of the consultant appointments in the 
department is that the selection procedure frequently amended. As a result, the duration 
of consultant appointment became longer and inefficient. 
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Applicant need to propose at most 5 consultants, prepare 
the consultant assessment marks and documentations 
QSCD secretariat receive the application form and other 
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QSCD submit certification letter to authorized body for 
approval/endorsement and official notification applicant  
QSCD prepare documentation for endorsement from 
authorised body 
Applicant search manually from the list of consultants 
available for infrastructure works 
S
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Figure 5.3    The Procedure for Quality and Cost based Selection and 
its Decisional Level at DID (adapted from DID Malaysia 
(2008) and Averweg(2008)) 
QSCD prepare for documentation (Quality and Cost 
based system) and organized meetings for technical 
committee 
Processing at QSCD 
QSCD notify progress to applicant 
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5.2.2 User Model 
Generally, DSS can be considered as a custom made software to help specific decision 
maker. With the aim of designing DSS in mind, a usability model was adopted to assist in 
the design process. Unlike the previous section where the focus is on organizational 
settings, this section concentrates on individual preferences of the user. Specific user 
modelling attributes was elicited from the perspectives of two groups of respondents 
which are also the impacted stakeholders i.e. applicant/managerial and technical 
committee member (Table 5.2). There are 5 decision makers namely DM1, DM2, DM3, 
DM4 and DM5 involved in this study. They rank from senior to top management at the 
department with experience of at least 4 years or more in consultant selection. They 
possess vast experience in public sector infrastructure project. Some of them come from 
private sectors before settling down in the public sector as senior officers. Throughout 
this thesis, DM1 and DM2 will take part in managerial decision or prequalification of 
consultant selection while DM3, DM4 and DM5 are bounded within group decision in 
strategic/top level.  
Table  5.2    Decision Makers Profile 
Decision 
Level 
Decision 
Makers 
Brief Profile 
DM1 - Initially started his career at private sector as consulting engineer for 5 
years before heading to public sector 
- Held senior district engineer post for 9 years at state and district branch 
- Involved in consultant selection for almost 8 years 
Managerial 
DM2 - Posses senior district engineer post for 7 years at district /project branch 
- Involved in consultant selection for almost 5 years 
DM3 - Experience in private sector for 7 year and rank as senior officer for 10 
years in the department and promoted to top management for 4 years 
- technical committee member for 4 years  
DM4 - held senior position in two different ministry 
- top management role in the department for 9 years 
- technical committee member for 6 years 
Strategic/  
Top Level 
DM5 - Senior officer for 8 years and top management  position for 11 years 
- technical committee member for 8 years 
- former head of two division in the department 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
106 
 
As described in Chapter 2, there are 7 attribute of user model suggested by Adikari et al. 
(2008) including (1) user needs and expectations, (2) existing knowledge and skills, (3) 
existing experience, (4) user goals and tasks, (5) physical attributes, (6) cultural and 
attitude information (7). These attributes were elicited from decision maker’s point of 
view i.e. applicant and technical committee member. A sample of interview questions is 
presented in Appendix B2. The overall summary of usability modelling is shown in Table 
5.3. This summary is useful to be a communication medium of usability for designers in 
interface design.  
 
Table 5.3 Summary of User Modelling for Consultant Selection 
Applicant/ 
District 
Engineer 
 
Tech. committee 
member 
User 
Modelling 
Attributes 
 
Key Evidence 
DM1 DM2 DM3 DM4 DM5 
minimize processing time      
easy and efficient tools to complete task      
user friendly the system      
reliable and transparent of the system      
User needs 
and 
expectations 
support group decision      
Technical and financial assessment by technical 
committee 
  
   User goals 
and current 
tasks technical assessment by applicant during 
prequalification 
  
   
Manual technical assessment      
Usage of web based system      
Usage of desktop based system      
Usage of DSS      
Existing 
Knowledge 
and skills 
Manual consultant searching      
no fancy icon      Cultural 
factors Malay or English Language preferred      
Manual system: Easy to use      
Manual system: Easy to use but lengthy process      
Occasional error in current system      
Political influence might effect the transparency of 
the system 
 
 
   
Conflict during assessment      
 
 
 
Existing 
experience 
Some information might not be accessible during 
assessment 
  
 
  
Professional display layout      Physical 
attributes Match with department layout      
Easy to learn system      
Simple system is anticipated      
Attitude 
Information 
Noticeable function      
 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
107 
 
The user task and goals were recorded in the above table. From interview and 
government circular, the selection of consultant is solely based on human intuition (DID 
Malaysia, 2008). According to DID circular, there are four criteria used for technical 
assessment i.e. organisational staffing,  general experience, experience in same project, 
ongoing project (DID Malaysia, 2008). No computerized tool is involved in the 
assessment. The table also shows that there are differences in user goal and current task 
and also user experiences while accomplishing the assessment. Conflict was identified 
during assessment within technical committee. DM1 and DM2 only evaluate the 
technical qualities during prequalification while the committee members assess the 
technical and financial proposal prepared by the invited consultants. The same criteria 
were used in both sessions. 
The preferences among decision makers varied and based on their attitude 
information, physical attitudes, existing experiences, existing knowledge and skills. 
However, they agree to some important aspects such as ability to minimize processing 
time, languages, system that is easy to use, and the usage of web based and desktop 
application. However, none of them have previous experience with DSS before. They 
anticipated that the proposed system can help and accelerate their job responsibilities 
with great efficiency and useful IT artefact.  
 
5.2.3 Decision Model 
Integrating decision model during RE process is essential prior designing DSS as it 
shows a pattern of decision making process having different contexts of the decision 
problem. This also will provide valuable input in requirement analysis and 
implementation phase as it clearly identifies the required data type and future decision 
engine in the later stages. To demonstrate decision model used in the department, this 
research exemplifies two cases of past project in the department. A case study method 
was deployed in order to achieve this purpose. Selection  of  case  projects  needs  to  
related  to  the  research  problem  and  questions  and  the attributes that are most likely 
to yield relevant data have to be identified (Yin, 2003). Therefore cases were selected 
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based on the type of project delivery of the completed project. The case were selected 
based on the criteria that has been set in section 4.4.2  
 
 
i) Case Descriptions 
In order to observe decision making process, two cases were chosen, namely Case A and 
Case B. Throughout the thesis, Case A refers to “Consultant Selection for Enhancement 
of Flood Mitigation Plan of Sungai Muda” in the border of Kedah-Penang state, and Case 
B to “Consultant Selection for Sungai Klang Flood Mitigation Project” in Selangor state. 
The following are the descriptions of case studies. 
 
a. Case A: Consultant Selection for Enhancement of Flood Mitigation Plan of 
Sungai Muda 
 
Sungai Muda (Muda River) is located within the boundary of Kedah and Penang state. 
According to DID (2011), the catchment area is 4,210 km2 and 180 km long beginning 
from Muda Dam and flows across district of Baling, Sik and Kuala Muda (Figure 5.3). 
The area is often flooded in rainy season from April to May and from September to 
November every year. It is reported that the river experiences floods every year, and the 
floods of 1996, 1998, and 1999 were particularly high (DID Sungai Muda, 2011). Many 
problems rise when flood keeps on worsening each year (e.g. riverbank erosion, river 
pollution and reduction of water resources). Water supply for agricultural, industrial and 
domestic sector for both Penang and Kedah is the key role of the river. A project was 
proposed to enhance the design of the Flood Mitigation Plan of Sungai Muda (DID 
Sungai Muda, 2011).  The objectives of the project were; 
• to guarantee that alignment and design of the main river channel are economic, 
effective and environmentally sound 
• to inspect the river behaviour through studies to minimize repair works in future 
resulting from the new design 
• to suggest other design options for other locations 
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For this study, a local consultant was appointed to assist DID. The overall flood 
mitigation project costs MYR $500 million which was funded by Malaysian Government  
under the Design Build project delivery (DID Sungai Muda, 2011).  
 
 
Figure 5.4  Sungai Muda Catchment Area in State of Kedah 
   (DID Sungai Muda, 2011) 
 
  
b. Case B: Consultant Selection for Sungai Klang Flood Mitigation Project 
The Klang river Basin is one of the most densely populated areas in the country. The 
basin encompasses the Federal Territory of Kuala Lumpur (Federal Territory), parts of 
Gombak, Hulu Langat, Klang and Petaling Jaya and Shah Alam (Centre, 2011). With an 
estimated population of over 3.6 million (approximately 21% of national population) and 
growing at almost 5% per year, the Basin has experienced the highest economic activity 
in the country (Centre, 2011). The Klang river originates from the mountainous area of 
northeast Kuala Lumpur. It is joined by 11 major tributaries while passing through 
Federal Territory and the area downstream of Kuala Lumpur, before joining the Strait of 
Malacca at Port Klang (DID Selangor, 2011). The Basin is 1290 square kilometres, with 
about 35% of which has been developed for residential, commercial, industrial and 
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institutional use (DID Selangor, 2011). Rapid economic growth has attracted a strong 
inflow of settlers from other parts of the country and overseas which has resulted in 
squatter settlements mainly along the river reserve areas. Therefore, the state of Selangor 
and Federal DID has initiated a project to address the environmental issues in the Basin 
i.e. the Klang River Basin Flood Mitigation Project. The cost of the project is USD 
$101.68 million and funded by Asian Development Bank (ADB). It was accomplished 
through Private Finance Initiative due to the scalability of the project. The project 
addresses the environmental issues such as (DID Selangor, 2011); 
 
• to improve environmental conditions, including those that worsen flooding 
• to minimise the adverse economic, social, and environmental impacts  of flooding 
in the Sungai Klang basin.  
 
Project preparatory technical assistance which involves appointment of consultant costing 
USD $2.2 million was used to develop the feasibility study, design and implementation 
of the project (Asian Development Bank, 2007). As competent domestic expertise was 
available, the Government’s normal practice was to use a domestic consulting firm as the 
lead consultant with assistance from international consulting firms. Based on this 
practice, DID shortlisted five local consulting firms as lead firms. ADB subsequently 
requested the Government to revise the proposed shortlist to include two Malaysian firms 
and four non Malaysian firms as lead consultants. This change of the shortlist has 
significantly delayed project consultant recruitment, and hence project implementation, 
by about 3 years and was also extended for another few years. According to DID’s 
circulars, the process of consultant appointment usually takes more than 3 months which 
is considerably longer than anticipated. Thus, DID has implemented various procedures 
to accelerate this process but the situation was not really rectified.  
 
ii) Criterions, Consultant’s Profile, and Scoring Function 
As part of DSS requirement elicitation, this section investigates criteria for consultant 
selection at Malaysian DID. Based on literature review, a set of criteria was gathered in 
Chapter 2 (Table 2.2). A brief questionnaire was distributed to decision makers during 
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requirement elicitation interview session (Appendix B3). Decision makers were asked to 
select criteria that are relevant to the department and currently being practiced. Table 5.4 
are the result drawn for the criteria selection among decision makers.  
 
Table 5.4     Selection of Criteria Among Decision Makers which Relevant to the Department 
Selection Criteria DM1 DM2 DM3 DM4 DM5 
firm’s qualification      
experience in the same project      
general experience      
knowledge on project location      
integrity      
management capability      
former client’s recommendation       
awards      
rotation basis      
Past Performance      
Expertise      
Methodology in General      
Proposal content      
technical competence      
equipment and facilities      
work schedule      
suitability of organizational chart      
proposal presentation      
current workload      
projected workload      
Staff qualification      
management staff competency      
key personnel competency      
local staff competency      
Economic Stability      
Consultant Fee      
Other possible criteria (as suggested by DMs)      
1.  Organisation and staffing      
2.  Economic stability and balance      
 
From the above table, it is identified that there are 9 criteria selected by the decision 
makers. These include 4 standard criteria practiced in the department for technical 
assessment i.e. organisational staffing, general experience, experience in same 
project/studies and current workload (DID Malaysia, 2008). Throughout the thesis, the 
criteria are represented by variables CR1, CR2, CR3 and CR4 respectively. In addition, 
there is also a criterion for consultant fee that will be combined with technical assessment 
in the final decision making.  
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With the aim to develop a usable, dynamic and flexible DSS, respondents were 
asked to give their opinion for non-official criteria that may be relevant to the 
department. The purpose of non-official (or flexible criteria) is to offer wider option in 
DSS so that the user can customise their own set of criteria. This feature will be discussed 
in the later chapter. Respondents suggest that expertise, economic balance and stability, 
knowledge in project location and methodology are also relevant for the department. The 
additional criteria are represented by CR5, CR6, CR7, and CR8. Table 5.5 describes the 
standard, flexible criteria and constant. 
 
Table 5.5      Description of Standard, Flexible and Constant Criteria 
Type of 
criterion 
Variable Criterion Description 
CR1 Organisation 
and staffing 
Organisation is considered as a whole where it encompasses 
the number of professional compare to project size and key 
personnel staff 
CR2 General 
Experience 
Level of experience with infrastructure project/studies and 
competency in managing projects in general 
CR3 Experience in 
same 
project/studies 
Specific experience with similar project/studies that has been 
completed (or ongoing) 
 
O
ffi
ci
al
/ S
ta
n
da
rd
 
 
CR4 Workload Ongoing infrastructure  project/studies or current 
workload/task 
CR5 Expertise Recognized skills and expertise in organisation 
CR6 Economic 
stability and 
balance 
Level of financial stability in consultant’s organisation. This 
also encompass the bumiputera ownership inline with 
national economic policy 
CR7 Knowledge in 
Project 
Location 
Local consultant that is experience and knowledgeable in 
project region 
 
 
Pr
ef
er
re
d/
 
Fl
ex
ib
le
 
 
CR8 Methodology Adequacy of proposed methodology and work plan in 
responding to the TOR 
 
co
n
st
an
t  
 
fees 
 
 
Consultant fees 
 
 
Total fees proposed by the consultant’s candidate 
 
Based on Table 5.4, there are 2 new criteria such as CR1 and CR6 suggested by 
decision makers which are not available in literature. CR1 concerns on the key personnel 
in the organisation and the team member for infrastructure project. As mentioned before, 
CR1 is a standard criterion that is currently practiced. On the other hand, CR6 is a 
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criterion related to the financial stability of the company and also Bumiputera1 capital 
share to be inline with New Economic Policy (NEP). 
NEP is basically an affirmative action that was started in the late 1960s, when 
racial riots occurred in May 1969 (Lee, 2010). The riots proved to be damaging for 
nation-building (Lee, 2012). As a response, the government introduced the NEP in 1970, 
which accorded the Bumiputera preferential treatment to correct the perceived 
imbalances (Lee, 2010). It is argued that Malaysia has achieved a very rapid economic 
growth and significantly reduced poverty, and the policy have encouraged the native and 
brought them into the mainstream economic activities. Having national economic policy, 
CR6 was suggested by decision makers to encompass the capital share of Bumiputera and 
financial stability in the company as a whole. 
Apart from decision criteria used in consultant selection, it is also important to 
identify the consultant candidates that have been considered in both cases. Based on 
project scalability and complexity, Case A requires the highest scoring consultant from 3 
shortlisted candidate. Through Private Finance Initiative (PFI) procurement, applicant 
from Case B was required to name five candidates during prequalification and two will 
be chosen by the technical committee. Table 5.6 and Table 5.7 summarise the list of 
alternatives for Case A and Case B respectively. The information was gathered from 
company profile information which is available at QSCD. Each consultant needs to 
submit their profile information to the department based on Appendix B4. 
 
Table 5.6    Consultant’s Profile for Case A 
Candidate Brief Profile 
Consultant 1 The company was established since 1984 with a few team members. At the moment 
Consultant 1 posses 25 years of experience and a staff force of 120 personnel. 70 of 
them are engineers and professionals. The rest are sub professionals including 
administrative, draughtsmen, technician, etc. Their clients include private and public 
sectors. The company has been engaged in various engineering and technical services 
such as masterplans and policy-related studies, transportation, roads and highways, 
water resources and water supply, residential, commercial and industrial development, 
mechanical and electrical engineering. Other related information: Registration year at 
department: 1985, Bumiputera equity: 55%, Ongoing project: 3, Completed project: 13 
 
 
                                                 
1
 Bumiputera means the "son of the soil" (Siddique & Suryadinata, 1982). The term is commonly use in 
Malaysia and Indonesia. The Malays are the main Bumiputera in Peninsular Malaysia. In Sabah state, the 
main Bumiputera are Kadazan, Bajau and Murut, while in Sarawak state they are Iban, Malay, Bidayuh and 
Melanau.  
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Candidate Brief Profile 
Consultant 2 Consultant 2 is a Malaysia’s Bumiputera engineering consulting firms. Founded in 
1975, the firm has a staff of over 90 with 25 engineers, 24 draughtperson, 17 site 
supervisors and others are supporting staff.  They are based in Petaling Jaya with branch 
offices in Penang, Kota Bharu, Kelantan and Kuching, Sarawak. The expertise of the 
company comprise of agricultural, civil & structural, electrical, gas, industrial & 
chemical and mechanical. In addition, the company also has arrangements with other 
local and overseas consulting for providing specific services when necessary. Other 
related information: Registration year at department: 1978, Bumiputera equity: 100%, 
Ongoing project: 5, Completed project: 19 
Consultant 3 Consultant 3 is an engineering consultancy firm providing multidisciplinary 
consultancy services in project identification, project development, design, project 
management. The company works in various areas such as water supply and project 
management, hydro and thermal power generation, renewable energy, water resources, 
highways & transportation, infrastructure, dam engineering, and development. 
Consultant 3 was incorporated in Malaysia in 1990. In May 2003, Consultant 3 became 
a wholly Malaysian owned company. The firm is supported by more than 79 
professionals, 35 sub-professionals and others are administrative staff. Other related 
information: Registration year at department: 1998, Bumiputera equity: 35%, Ongoing 
project: 1, Completed project: 8 
 
 
The above table summarises the consultant profiles for Case A. Consultant 1 and 
Consultant 2 are located in the same project location with many years of experience, 
while consultant 3 is a relatively new company located in Kuala Lumpur with excellent 
track record. However, Consultant 1 and Consultant 2 posses more manpower and also 
has experience in the same project.  
 
Table 5.7      Consultant’s Profile for Case B 
Candidate Brief Profile 
Consultant 4 Consultant 4 was established in 1994 to provide professional consulting services in the 
major fields of Civil & Structural Engineering, Mechanical & Electrical Engineering and 
Project Management services. The company has a pool of highly experienced Engineers 
who have successfully undertaken various projects in six areas such as wastewater, flood 
mitigation/drainage, highway/bridges, building/structural and geotechnical, project 
management and mechanical & electrical. Other related information: Registration year at 
department: 1995, Bumiputera equity: 100%, Ongoing project:4, Completed project: 12 
 
Consultant 5 Consultant 5 was incorporated since 1986 and specializes in feasibility studies, detail 
design and construction supervision for infrastructure development, manufacturing, 
commercial and process industries. The company has 89 team members with half of 
them engineers in the fields of civil, structural, electrical, mechanical, chemical and 
environment. The remaining includes other sub professional such as inspector of works, 
technical assistant, survey technicians, draughtsmen and administrative. Other related 
information: Registration year at department: 1987, Bumiputera equity: 48%, Ongoing 
project: 0, Completed project: 13 
 
 
 
Table 5.6         Consultant’s Profile for Case A (continued) 
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Candidate Brief Profile 
Consultant 6 Consultant 6, a Malaysian owned company, with Bumiputera participation in line with 
National Development Policy, has been operating in consulting engineering services 
since the 1970s. There are 503 personnel including 242 engineers including civil and 
structural, mechanical and electrical. There are also 3 geologists, 5 quantity surveyors 
and 11 professional at the moment. The remainder are the supporting staff. Company’s 
areas of specialization include; airports, bridges, commercial, industrial and residential 
buildings, dams, defence, drainage, dredging, education, geotechnical, highways and 
roads, hospitals, housing, infrastructures, irrigation, land development, light rail transit, 
marine structures, port development, power station, railway, sewerage, solid waste, 
tunnels, water supply, water resources, M&E building services and environmental 
services. Other related information: Registration year at department: 1981, Bumiputera 
equity: 31%, Ongoing project: 5, Completed project: 18 
 
Consultant 7 Consultant 7 is an engineering consulting firm that is registered with Ministry of 
Finance, Board of Engineers Malaysia and other Government Authorities in Malaysia. 
The company was acquired through joint venture in 1987 by overseas and local 
company. In 1994, the company was restructured to become fully owned by Malaysians. 
The company is involved in many infrastructure projects such as water resource studies, 
water supply, dam engineering, hydropower engineering, independent checking 
engineer, coastal engineering, lake & constructed wetlands, waste water & sewerage, 
stormwater engineering, road engineering, mechanical engineering, electrical 
engineering, etc. Today, Consultant 7 has extended its services to most of the Asian 
countries. Other related information: Registration year at department: 1991, Bumiputera 
equity: 44%, Ongoing project: 1, Completed project: 8 
 
Consultant 8 Consultant 8 was formed in 1970 as a wholly owned Malaysian firm registered with the 
Registrar of Companies Malaysia. Consultant 8 is a 100% Bumiputera owned company 
with two Directors and five Technical Directors with many years of experience as 
professional consulting engineers. The firm specialises in civil engineering projects with 
particular expertise in water resources development, water supply engineering and 
environmental pollution control. These include hydrological and geotechnical studies, 
dams, water treatment works, pumping stations, pipelines, reservoirs, drainage, sewers, 
sewage treatment works, industrial waste treatment and disposal. The firm's head office 
in Kuala Lumpur and employs a full time staff of 82 including 36 professional engineers. 
Other related information: Registration year at department: 1975, Bumiputera equity: 
100%, Ongoing project: 7, Completed project: 24 
 
 
The above table shows that there are 2 companies 100% owned by Bumiputera. For 
instance, Consultant 8 is the most experienced Bumiputera’s company among the list and 
possess a big number of professionals. Meanwhile consultant 5 is the newest company 
with proven track record with DID Malaysia. Meanwhile, the remaining consultants also 
show equal experience and expertise on paper. However, the decision makers might have 
different opinions. To illustrates their judgement based on DID’s current practice, a 
decision model was developed based on hierarchical structure of decision making defined 
by Saaty (1994) (Figure 5.5). The top level is the objective followed by criteria level and 
alternatives level. The next subsection demonstrates the arithmetic of the decision model. 
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Figure 5.5     Standard Hierarchical Decision Structure in case A and Case B (with 
additional Alternatives A4 and A5 in case B) 
 
 
ii) Application of Decision Model during Prequalification 
This section gives details on the pre-qualification process that has been done by 
applicants DM1 and DM2. They are required to complete the technical assessment form 
as in Appendix B5. The assessment is qualitative in nature. Given the marking scheme in 
the assessment form, one can easily formulate the scoring function. Each criterion is 
associated with weight of wj. Total Score, TS for each Ai is as follows; 
   TS = ij
n
j
j aw∑
=1
       (5.1) 
To simplify the calculation for both cases, variables A1, A2, A3, A4, A5 (as in Figure 5.5) 
are used to represent alternatives in response to shortlisted consultants in both Case A and 
Case B (Table 5.8). For case A, DM1 is responsible to rank 3 candidates A1, A2, A3.  
Meanwhile, in Case B, DM2 was required to pre-qualified 5 candidates to QSCD. Hence 
A4 and A5 are the additional candidates in the alternative list for Case B. 
 
Technical assessment  
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
(CR4) 
A1 A2 A3 A4 A5 
Consultant Fee  
Consultant Selection 
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Table 5.8    Consultants and Variable Instantiations 
Alternatives Case A Case B 
A1 Consultant 1 Consultant 4 
A2 Consultant 2 Consultant 5 
A3 Consultant 3 Consultant 6 
A4  Consultant 7 
A5  Consultant 8 
 
Table 5.9 summarises the result of consultant selection using paper based system. Case A 
and Case B assessments were completed by DM1 and DM2 respectively.  
 
Table 5.9       Result of Consultant Selection in Current Practice (values in percentage) 
 
Case A Case B 
 
CR1 CR2 CR3
 
CR4 TS Rank CR1 CR2 CR3
 
CR4 TS Rank 
A1 20 26.67 20 10 76.67 1 10 13.33 13.33 3.33 40 5 
A2 20 26.67 20 3.33 70 2 20 26.67 13.33 10 70 3 
A3 20 13.33 6.67 10 50 3 30 40 20 3.33 93.33 1 
A4       10 26.67 6.67 10 53.33 4 
A5       20 40 20 0 80 2 
 
The table above indicates that from the evaluation for Case A, Consultant 1 ranks first, 
Consultant 2 in the second place and Consultant 3 scores the third. On the other hand, for 
Case B, Consultant 6 scores the highest rank followed by Consultant 8, Consultant 5, 
Consultant 7 and Consultant 4. Based on the practice in the department, the result and 
related forms will be forwarded to QCSD. Next, a technical committee will be 
established for final decision making. 
 
iii) Application of Decision Model by Technical Committee 
There are 3 decision makers involved in the meeting i.e. DM3, DM4, DM5. The same 
criteria and technical assessment form were used (Appendix B5) as in the previous 
section. Table 5.10, Table 5.11 and Table 5.12 present the results drawn from the 
assessment by DM3, DM4, and DM5. 
 
 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
118 
 
Table 5.10   Technical Assessment by DM3 (values in percentage) 
 Case A Case B 
 CR1 CR2 CR3
 
CR4 TS Rank CR1 CR2 CR3
 
CR4 TS Rank 
A1 20 26.67 13.33 6.67 66.67 1 10 26.67 6.67 6.67 50 5 
A2 10 26.67 20 0 56.67 2 20 26.67 6.67 10 63.33 3 
A3 10 13.33 13.33 6.67 43.33 3 30 40 13.33 3.33 86.67 1 
A4       20 26.67 6.67 10 63.33 3 
A5       20 40 20 0 80 2 
 
Table 5.11  Technical Assessment by DM4 (values in percentage) 
 Case A Case B 
 CR1 CR2 CR3
 
CR4 TS Rank CR1 CR2 CR3
 
CR4 TS Rank 
A1 30 26.67 20 6.67 83.33 1 10 13.33 6.67 3.33 33.33 5 
A2 20 40 13.33 3.33 76.67 2 20 26.67 6.67 10 63.33 3 
A3 20 13.33 13.33 6.67 53.33 3 30 40 13.33 3.33 86.67 1 
A4       20 13.33 6.67 10 50 4 
A5       20 40 13.33 0 73.33 2 
 
Table 5.12    Technical Assessment by DM5 (values in percentage) 
 Case A Case B 
 CR1 CR2 CR3
 
CR4 TS Rank CR1 CR2 CR3
 
CR4 TS Rank 
A1 20 40 13.33 6.67 80 1 10 13.33 6.67 3.33 33.33 5 
A2 20 40 6.67 3.33 70 2 20 26.67 6.67 10 63.33 3 
A3 10 26.67 6.67 10 53.33 3 30 40 13.33 3.33 86.67 1 
A4       10 13.33 6.67 10 40 4 
A5       20 40 20 0 80 2 
 
From the above tables, it is identified that the technical committee agreed with the 
previous suggestion by applicant where the ranking produces almost the same result. 
However, in Case B, DM3 ranks Consultant 5 and Consultant 7 equally. Yet, the overall 
average score,TS , by technical committee is still the same with DM1 and DM2 
assessment (Table 5.13). 
Table 5.13    Aggregation of Technical Assessment (values in percentage) 
 Case A Case B 
 DM3 DM4 DM5
 TS  Rank DM3
 DM4 DM5
 TS  Rank 
A1 66.67 83.33 80 76.67 1 50 33.33 33.33 38.89 5 
A2 56.67 76.67 70 67.78 2 63.33 63.33 63.33 63.33 3 
A3 43.33 53.33 53.33 50 3 86.67 86.67 86.67 86.67 1 
A4      63.33 50 40 51.11 4 
A5      80 73.33 80 77.78 2 
 
As mentioned in section 5.2.1, the selection method is based on two-envelope system. 
Thus, the costing element prepared by consultant candidate will be combined with 
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technical committee’s assessment to yield the final score, iFS . The standard proportion 
of weighting between technical assessment, techw  and fee, feesw  is 80:20. The fee is 
calculated as inversely proportional to the minimum price. From the procedure, iFS  can 
be defined as follows; 
Final Score ( )








+







= 100
min
100 i
iifeestech
i fees
fees
w
TS
wFS              (5.2) 
Table 5.14 summarises the final decision making upon combination of the fees for both 
cases.   
Table 5.14     Final Decision Making 
 Case A Case B 
 TS  fees FS Rank TS  fees FS Rank 
A1 76.67 97.04 80.74 1 38.89 97.24 50.59 5 
A2 67.78 98.32 73.89 2 63.33 100 70.67 3 
A3 50 100 60 3 86.67 93.76 88.09 1 
A4     51.11 99.20 60.73 4 
A5     77.78 92.92 80.81 2 
 
It is identified that Consultant 1 scores the highest in Case A. On the other hand, 
Consultant 6 and Consultant 8 have been selected for Case B. The observation of the way 
decision makers handle the process is important for DSS design. Important parameters 
were identified such as criteria and the formulation used for assessment in order to design 
DSS that represents similar environment with real world application. 
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5.2.4 Requirements to Worksheet 
Requirements elicitation process needs to be organised in a proper documentation such as 
by worksheet methodology (Lau & Mylopoulos, 2004; Tsui & Karam, 2007). Hence, this 
study used worksheet as a tool to compile the requirements elicitation that previously 
used documental analysis and interview as instruments. Based on Appendix B6, 
consultant selection process can be simplified by 12 processes involving 4 types of 
stakeholders i.e. applicant, QSCD, technical committee, and fund provider. The processes 
include consultant selection (by applicant), work scope submission, TOR submission, 
applicant submission, managing contracting, submission to technical committee, 
consultant selection (by technical committee), return result (to QSCD), endorsement, 
project fund provision, fund approval, and notification of approval. The worksheet is 
useful for Requirement Analysis that uses Tropos as a software design approach (Lau & 
Mylopoulos, 2004) 
 
 
5.3 Requirement Analysis 
As mentioned in Chapter 3, Tropos Requirement Analysis is suitable to be adopted in this 
research due to the scalability and flexibility offered by this method that range from early 
design to software specifications. Tropos adopts a requirement driven software 
development approach by exploiting goal analysis and actor dependencies analysis 
techniques (Giorgini et al., 2008). It is based on i* modelling framework (Yu, 1993; Yu 
& Mylopoulos, 1994), which founded the concept of actor, goal and social dependency 
in the same sense that Unified Modelling Language (UML) is founded on the notions of 
object, class, method, inheritance, etc.  Tropos also maintains the foundation of i* with a 
few additional notations such as resource, task/plan, softgoal, means-end, contribution, 
OR decomposition, and AND decomposition. The following table presents the formal 
Tropos notation (Table 5.15) that will be used throughout the requirement analysis 
activities.  
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Table 5.15 Formal Tropos Notation (Silva & Castro, 2002) 
 
Symbol Descriptions 
 
An  actor  is  an  active  entity  that  carries  out  actions  to  achieve  
goals  by exercising its know-how.  In our case, the actor is the 
stakeholders. Actor can be a software or human.  
 
A  goal  is  a  condition  or  state  of  affairs  in  the  world  that  the  
stakeholders would  like  to  achieve 
 
A resource is an (physical or informational) entity, with which the 
main concern is whether it is available. 
 
A plan/task specifies a particular way of doing something. 
 
A  softgoal  is  a  condition  or  state  of  affairs  in  the  world  that  
the  actor would like to achieve 
 
A task (mean) can be used to achieve a goal (end) 
 
A goal/task/soft goal can contributes positively to the satisfaction of 
a goal 
 
A task/goal can be decomposed using OR operator 
 
A task/goal can be decomposed using AND operator 
 
A  dependency  describes  an  intentional  relationship  between  two 
actors 
 
Data gathered from the elicitation process need to be analysed to be more meaningful for 
software design purposes. Thus, the next sub section will describe two main activities in 
Requirement Analysis i.e. Early Requirement Analysis and Late Requirement Analysis. 
Models were developed using Eclipse Java EE IDE for Web Developers2 with TAOM4E 
plugins3. In general, ER Analysis concerns on the analysis of organizational settings 
while  LR Analysis describes the system-to-be.  
 
5.3.1 Early Requirement (ER) Analysis 
In the previous section, raw data on organizational setting and user model were collected. 
The data are still meaningless and need to be transformed into model. This will help 
designers to further understand the environment of the current system at DID. This can be 
done by conducting Early Requirement Analysis (ERA) in Tropos. In ERA, the 
                                                 
2
 Eclipse is a multi-language software development environment comprising an integrated development 
environment (IDE) and an extensible plug-in system 
3
 TAOM4E is a tools to support the TROPOS methodology from early requirements engineering to code 
generation 
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organizational setting is analysed where the system-to-be will be introduced (Silva & 
Castro, 2002). The aim of this phase is to describe the most relevant actors and their 
relationships in the domain where the system will operate (Bresciani, Perini, Giorgini, 
Giunchiglia & Mylopoulos, 2001). The design of the system-to-be will only be defined in 
the next stage i.e. Late Requirement Analysis. At this stage, actors represent the 
stakeholders of the application domain. Top level goals of those actors are identified and 
then analysed and decomposed into sub-goals. When an actor relies on another actor to 
achieve a goal, a social dependency is established between the two actors. There are four 
kinds of dependencies in Tropos i.e. goal dependency, task dependency, soft goal 
dependency and resource dependency.  
 
i)  Identify Stakeholders 
The initial step in ERA is the establishment of an actor diagram for stakeholders in the 
study area. Based on organizational settings (section 5.2.1) and user model (section 
5.2.2), there are four stakeholders as follows; 
• District Engineer: Middle DM who request for consultancy services in the 
department. He/She is responsible to forward a number of consultant candidate’s 
name to QSCD along with other application forms 
• QS Department: A division which is engaged with the procurement management 
and contract administration for works, supplies and services. They also act as the 
secretariat that manages consultant appointment in the department. 
• Technical Committee: a group of Top DM’s that assess consultant candidates 
based on Middle DM’s recommendation.  
• Fund Provider: Responsible agency that provides funding for infrastructure 
project/study 
 
ii)  Identify actors, goals and actor’s social dependencies 
At this stage, actors represent the stakeholders of the application domain. When an actor 
relies on another actor to achieve a goal, a social dependency is established between the 
two actors. The output of this stage is a strategic dependency diagram showing actors 
involved and task associated in the system to-be environment. Initially, the elicited 
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organizational setting modelled from the previous phase was converted into actor 
diagram showing the stakeholders as social actors in the domain area. Actors are depicted 
as round circles with goal dependency. As mentioned before, there are four actors 
involved in the domain i.e. district engineer, technical committee, QS 
department and treasury. From the elicitation process in section 5.2, actors such as 
district engineer and technical committee share the same objectives i.e. 
consultant selection assessment. In contrast, QS department handles the 
administrative process of selection and financially related document that has been 
provided by Fund Provider. Figure 5.6 illustrates the actor diagram of the selection 
process, based on the worksheet constructed in section 5.2.4. 
 
 
Figure 5.6   Actor Diagram Modelling the Stakeholders of Consultant 
 Selection Process 
 
 
 
iii) Conduct Means-End Analysis 
During this step, the rationale of each goal is analysed from organisational and 
stakeholders perspectives. Goals are decomposed into sub-goals and positive/negative 
contributions of goals are specified. Tasks can be decomposed into simpler tasks. Hence, 
this section illustrates the analysis of goal diagram for the impacted stakeholder such as 
the technical committee and district engineer. The output of this step is Strategic 
Rationale diagrams for each stakeholder with goals delegated to appropriate actors. A 
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strategic rational model describes and supports the reasoning that each actor relationship 
with other actors. 
The previous actor diagram (Figure 5.6) was further refined by the introduction of 
goal model. In this study, goal diagrams represent two impacted stakeholder i.e. applicant 
and technical committee team. Figure 5.7 and Figure 5.8 represent goal diagrams for 
district engineer and technical committee to support consultant selection in the 
department. In Figure 5.7, district engineer actor represents applicant in the 
division/project/state at DID. The objective of district engineer is to submit related 
documents to the QS department actor. In order to achieve this goal, a few inter-related 
goals are needed such as technical assessment, consultant selection, prepare 
documentation, TOR, work scope, application form, submission of related 
documents, notification of approval, and project commissioning. Few goals are 
decomposed using AND operator and this is a mandatory goal needed to be completed 
before submission of the application. Few tasks to support the process were identified 
such as prepare TOR, approval budget, approximate project cost, check data, 
and manual calculation. The technical assessment is positively contributed by best 
consultant candidates softgoal.  best consultant candidates is supported by 
other softgoal (standard assessment criteria) such as experience same project, 
general experience, current workload, and organisation staffing. In addition, 
there are other additional softgoals that are desirable for the system such as faster 
appointment and quick response. Upon completion of documentation and technical 
assessment, district engineer interacts with QS department actor for submission of 
application and notification of approval. 
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Figure 5.7  District Engineer Goal Model  
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Figure 5.8      Technical Committee Goal Model  
 
Meanwhile, Figure 5.8 is devoted for technical committee actor which represents the 
top decision maker in the department. The main aim of this actor is to submit the result of 
assessment of consultant. Few goals with AND decomposition are identified such as 
submission (from QS department), group meeting, technical assessment, final consultant 
selection, and return result. Similar to district engineer’s goal for best consultant 
candidates, the assessment is based on the fact that in order to positively contribute 
technical assessment, there are many flexible criteria that technical committee 
may choose such as consultant fee, organisation and staffing, experience in 
same project, economic balance and stability, and current workload. 
Eventually, the technical committee actor returns the result back to QS department 
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for further actions. Both models are illustrated in the current procedure at Malaysia DID 
(without system-to-be design). This is very useful as a preliminary analysis of system 
environment by identifying the actors, system boundaries, goals, soft-goals, tasks and 
social dependencies. The model of the system-to-be design was amended by adding a 
new actor in the next stage i.e. Late Requirement Analysis.  
 
Furthermore, Figure 5.9 shows an excerpt of the domain strategic dependencies for the 
consultant selection problem. QS Department depends on district engineer and 
technical committee for technical assessment. It also depends on fund provider 
to get endorsement and financial approval. The lengthy administrative process might 
cause delay.  Figure 5.9 also depicts a revision and simplification of the actor diagram in 
Figure 5.6 by adding and removing functional tasks and goals that are appropriate for 
DSS application. Two main tasks for DSS were identified i.e. consultant selection by a 
single applicant (single user) and consultant selection by a committee (group decision) 
 
 
Figure 5.9 Strategic Dependencies Diagram (Before the introduction of the 
system) 
 
In the following, the analysis will focus on how to accommodate impacted stakeholders 
with DSS features for consultant selection. This will be done in LR analysis section that 
will discuss on the system-to-be. 
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5.3.2 Late Requirement Analysis  
 
During LR Analysis, the system-to-be is described within its operating environment, 
along with relevant functions and qualities. It is represented as another actor that has a 
number of dependencies with other actors.  It also performs the responsibilities of the 
system towards its environment and determines both its functional and non-functional 
requirements. Hence, this phase focuses on the design of DSS features by the 
introduction of a new actor namely consultDeSS into the model.  The system actor is 
related to the social actors in terms of dependencies. The goal of this new actor will be 
analysed and a revision on the dependencies involving a subset of social actor will be 
executed.  Figure 5.10 depicts LR Goal Diagram for a new DSS. consultDeSS is a new 
actor with a social dependency of request for services,introduced in the current 
organizational settings.  
 
Figure 5.10 Late Requirement Actor Diagram  
 
 
Based on actor and goal model from ER for both district engineer and technical 
committee actors, functional and non-functional requirements were identified. 
Functional requirement includes the core of the DSS such as technical assessment 
and use decision models. These are regarded as the core functions of the system while 
other goals from other actors can be classified as non-functional as they are outside the 
boundary of the system and can be done manually without changing the work procedure 
at DID Malaysia.  
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In LR Goal Diagram, new sets of goals such as data acquired, technical 
assessment, use decision models, and display result (Figure 5.11) were 
proposed. Furthermore, there are two main tasks such as group service requested and 
single user service requested from technical committee and district 
engineer actor respectively. The fixed criteria and flexible criteria positively 
contribute to the use decision models goal. In consultDeSS, two main data sources 
such as consultant records and assessment data were introduced to support 
technical assessment.  Both data sources provide necessary information that will be 
utilised throughout the assessment. The details on data sources are described in the next 
chapter (section 6.2). 
 
 
Figure 5.11 Late Requirement Goal Diagram for the consultDeSS 
  
 
In general, the system-to-be is introduced in consultant selection environment at Malaysia 
DID. Some dependencies in the actor diagram are revised upon the introduction of the 
system. In this case, consultDeSS is introduced as a new actor in the goal diagram, and 
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goals, and soft goals are also delegated to it.  consultDeSS is responsible to execute the 
consultant selection goal for district engineer and technical committee 
actor in previous ER. The next section will discuss on the extension of this phase to 
Architectural Design. 
 
5.4 Architectural Design 
This phase defines the system at macro level where it describes the global architecture in 
terms of subsystems (actors) interconnected through data and control flows 
(dependencies). It involves three steps to define the system-to-be i.e. create extended 
actor diagram, identify actors capabilities and assign capabilities to agents 
 
5.4.1 Extended Actor Diagram  
 
The purpose of this step is to create an extended actor diagram derived from LR. It 
involves designing system actors and their relationship with each other. There are three 
main actors that represent subsystems i.e. operational layer, middle layer and top 
Layer.  The main actor, consultDeSS, that integrates all system actors may be triggered 
by service requested task from external system actors such as Middle DM or Top DM. 
Middle DM may represent the applicant such as district engineer, project manager, branch 
director, etc. Meanwhile, Top DM represents the technical committee. 
 
In system actor, operational layer offers search facilities task that proposes a 
top k candidate to the middle DMs such as district engineer or applicants. Based on DID 
circular, middle DMs can propose up to 5 consultant candidates (DID Malaysia, 2008).  
The search technique utilises a set of attributes that has been defined from consultant 
data. This will be detailed in the next chapter as it depends on data base design. The 
Middle Layer and Top Layer actors are supported by run assessment task. run 
assessment is decomposed into three subtasks such as generate fuzzy input, 
decision models and aggregate decision.  This will be discussed in details in the 
next chapter. 
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consultDeSS is supported by two main data resource i.e. consultant data and 
assessment data. The resource of consultant data is useful as a database to support 
all system actors with consultants information during technical assesment.  Middle DM 
and Top DM will utilise and visualise consultant data during assessment by referring 
the information of consultant details provided in the database.  This will help them to 
identify strengths and weaknesses of the candidate that they are currently evaluated.  As 
mentioned before, consultant data also indirectly assists search facilities in 
operational layer. On the other hand, assessment data is developed to generate a 
temporary data storage that can support the calculation during assessment. This will 
provide necessary data for the run assessment task. This data storage includes the 
fuzzy data generation, input assessment from DMs, decision models parameter, 
aggregation of stakeholder’s decision and output data.  The complete model of 
Architectural Design is illustrated in Figure 5.12 
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Figure 5.12 The Extended Goal Diagram for consultDeSS 
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5.4.2 Identification and Assignment of Actors Capabilities  
This step identifies the capabilities needed by the system actors in order to fulfil goals 
and plans. It is also important to identify the key features to design the user internal and 
external interface for system actors. External interface refers to visible interface that can 
be visualised by physical actors such as Middle DM and Top DM. On the other hand 
internal interface is the interaction between non-physical actors and modules in DSS. 
There are 5 actors involved where each of them has been assigned with 15 capabilities, 
Ci. Table 5.16 lists the proposed features for DSS. 
 
Table 5.16     Actor’s Capabilities 
 
Actors Ci Capabilities Type of Interface 
Middle DM 1 Request for single decision services External 
Top DM 2 Request for group decision services External 
consultDeSS 
interface 
3 Data input External, Internal 
 4 Data output External 
 5 Data acquisition External 
Operational Tier 6 Perform database search for consultant 
data 
External, Internal 
 7 Display consultant data External 
 8 Update consultant data External, Internal 
 9 Delete consultant data External, Internal 
 10 Create consultant data External, Internal 
Middle Tier 11 Perform decision model Internal 
 12 Update assessment result in database Internal 
Top Tier 13 Create group session External, Internal 
 14 Aggregate group decision Internal 
 15 Integrate technical assessment and 
consultant fee 
Internal 
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5.5 Comparing Current Practice and Proposed System 
The proposed system was designed according to real world application by considering the 
input from documental analysis, interviews and worksheet in section 5.2. System 
boundary was set based on Table 5.17 and the current and proposed system were 
compared. The system only concentrates where there is decision element in business 
process such as in Requirement ID (Req ID) 1.0, 6.0, 7.0, and 8.0.  System capabilities, 
Ci has been assigned for each DSS domain. Processes that can be performed in parallel 
are grouped under Vi activities. Many computerised functions have been added to the 
current manual system. For instance, instead of a standard set of criteria, decision makers 
can have more options in their assessment with the introduction of flexible criteria. This 
shows that the proposed DSS is not only supporting basic functions for the selection 
process, but also offering extra features to current operation during prequalification using 
computerised decision support.  It is desirable that the system would improve the current 
system by providing efficient and reliable system 
 
Table 5.17    Current Practice and Proposed System 
 
Req ID Vi Current Practice  Stakeholder DSS 
Domain 
Proposed System 
Capabilities, Ci 
0 V1 Start request for consultancy 
services internally 
Applicant No - 
1.0 V2 Manual Technical assessment 
from applicant 
Applicant Yes 1, 3, 4, 5, 6, 7, 8, 9, 
10 
2.0,3.0,4.0 V3 Preparing documentation, 
finalising assessment and send to 
QS department 
Applicant No - 
4, 5 V4 Processing at QS department QSCD No - 
6.0 V5 Request and Organize technical 
committee meeting 
QSCD Yes 13 
7.0 V6 Technical and financial 
assessment from committee 
Technical 
Committee 
Yes 2, 3, 4, 5, 6, 7, 8, 9, 
10,11, 12, 14, 15 
8.0 V7 Return result to QS department Technical 
Committee 
Yes 12 
9.0 V8 Endorsement send to fund 
provider 
Fund 
Provider 
No - 
10.0,11.0 V9 Approval from fund provider Fund 
Provider 
No - 
12.0 V10 Preparing related documents QSCD No - 
12.0 V11 QS Department notify applicant QSCD No - 
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The above table can be easily interpreted by using network graph, ),( EVG =  where V= 
{ V1, V2,  V3,  V4,  V5,  V6, V7,  V8,  V9,  V10, V11 } for ER analysis (Figure 5.13). The 
following is the illustration of the diagram for ER Analysis (Current Practice) and LR 
Analysis (proposed system). Initially, the early requirement analysis involves four entities 
such as district engineer, QS department, technical committee and fund provider  
 
Figure 5.13    Summary of Activities during ER Analysis  
 
During Late Requirement, it is identified that activity V5 and V7 can be eliminated by the 
introduction of consultDeSS and a new Rate requirement is established (Figure 5.14) 
 
 
Figure 5.14   Elimination of Activities during LR Analysis  
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A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
136 
 
5.6 Chapter Summary 
This chapter reported findings from phase 2 of the research that involves a documental 
analysis, interview and design method. The design approach in this chapter follows 
Tropos technique, a goal based agent oriented technique in Requirement Engineering 
(RE). The process involves requirement elicitation, requirement analysis and architectural 
design. Requirement elicitation involves 3 elements of requirements such as 
organisational settings, user model and decision models. The current decision model was 
observed and applied with real case project during prequalification process by Middle 
DM and Top DM. Requirement elicitation process ended up with compilation of the 
requirements in the form of worksheets. 
During the requirement analysis, the consultant selection process was tentatively 
designed and matched with real world similar to DID environment. Actors and their goals 
were determined and analysed during ER and LR Analysis. Then, a more comprehensive 
design was accomplished in Architectural Design phase. Next, actors and their 
capabilities were assigned for implementation purposes. 
Finally, the current and proposed systems were compared and it is figured out that 
the proposed system can offer more features to support decision for consultant selection. 
In addition, the completion time of the overall selection process can approximately be 
minimised. It is also identified that the requirement elicitation and analysis conducted 
fulfil the 6 dimensions of requirement as indicated by Tsui & Karam (2007).  Each of the 
elements has been discussed in this chapter (Table 5.18). In design based research, the 
construct and model drawn from this chapter serve as “proof-by-concept” that essentially 
improves artefact to solve real world problem (Nunamaker et al., 1991). This approach 
has been overlooked by literatures in construction discipline. Thus, it answers the first 
research question “Theoretically insufficient DSS Design”. 
 
Table 5.18   Requirement Elicitation Discussed in Chapter 5 
 
Type of requirement  Description in the chapter (section) 
Business flow 5.2.1, 5.2.4 
User interfaces 5.2.2, 5.4.2 
Data, Format and Information needed 5.2.3 
System with other interfaces 5.3.1, 5.3.2 
Individual Functionality 5.4.1, 5.4.2 
Other constraints 5.2.2 
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"Once you make a decision, the universe conspires to make it happen." 
Ralph Waldo Emerson 
 
 
 
 
 
Chapter 6: The 
Implementation 
of consultDeSS 
 
 
 
 
 
6.1 Introduction 
The previous chapter underlines a basic blueprint for DSS resulted from Case Study 1. 
This chapter continues to extend the design into IT artefact. The purpose of the chapter is 
to answer the second research question “lack of practicality sound DSS” for CSP.  Figure 
6.1 shows 2 objectives in this chapter i.e. (1) to develop DSS component such as data 
management, decision models and user interface for web based application and (2) to 
integrate DSS component into 3 tier platform such as operational tier, middle tier and top 
tier module. It is anticipated that the finding of this chapter will answer the second 
research question.  
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
138 
 
 
Figure 6.1 The link between Chapters, Research Objectives and Research 
Questions 
 
To achieve the objectives, this chapter exhibits the implementation of 
consultDeSS. The process starts with the identification of data and table which are 
sourced from previous phases and followed with the design of Entity Relationship 
Diagram (ERD). The abstraction of Fuzzy TOPSIS is also discussed in the Model 
Management section. Then, the implementation of consultDeSS is demonstrated in terms 
of database, single and group decision making and additional features offered by the 
system. The chapter concludes with comparison of DSS features in literature review, 
resulting from Case Study 1 and the consultDeSS implementation.  
 
Chapter  Research Objectives Research Questions 
Chapter 7: 
 
The 
Evaluation of 
consultDeSS 
Perform a sufficient software requirement analysis 
and design for DSS 
- conducting requirement elicitation by identifying 
user model and organizational setting for 
consultant selection 
- performing Tropos requirement analysis for 
consultant selection which encompass early 
requirement and late requirement 
 
Theoretically 
insufficient 
DSS Design 
 
Lack of 
practicality 
sound DSS 
Chapter 5: 
 
The Design of 
consultDeSS 
Develop a practical prototype for DSS 
- Develop DSS components such as data 
management, decision models and user interface for 
web based application 
- integrate DSS components into three tier platform 
such as operational tier, middle tier and top tier  
Chapter 6: 
 
The 
Implementation 
of consultDeSS 
Establish DSS Evaluation framework to assess 
usability 
- conducting sub system validation to validate DSS 
components such as decision models 
- performing face validation to assess DSS general 
utility and usability using heuristic evaluation 
technique 
Disregard 
the validity of 
DSS usage 
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6.2 Data Management 
Generally, data management system is a discipline that focuses on proper generation of 
data, data storage and data retrieval. It overcomes many problems of old fashioned file 
system approach. According to Rob and Coronel (2007), data management is the core 
activity for any business, government agency, service organization or charity. In 
construction, this concept is identified to be one of the deficiencies as described in 
Chapter 3 where many aspects of conceptual modelling and implementation were left out. 
Thus, this phase demonstrates the data management concepts for the consultDeSS. The 
approach of database design was adapted from Rob and Coronel (2007). Having the 
requirement elicitation and analysis defined, this step continues with schematic design 
and followed by implementation.  
According to Rob and Coronel (2007), the first step in developing a purposeful 
database is to design initial data model. Data model is a diagram which is used to present 
the data requirements at different levels of abstraction (Allen & Terry, 2005). Database is 
essential for DSS where it provides the source of data to the system (John, 1976; Methlie, 
1980).   The literature shows that there are a number of data modelling techniques being 
used for database design. One of the most common is the entity relationship diagram 
(ERD). Several ERD notations are available. One of widely used methods is Crow’s Foot 
notation(Connolly & Begg, 2005). This research utilises Crow’s Foot Notation in the 
schematic ERD. Crow's Foot diagrams represent entities as boxes, and relationships as 
lines between the boxes (Connolly & Begg, 2005). The ends of these lines are shaped to 
represent the cardinality of the relationship. Typically, there are 4 types of cardinality i.e. 
optional-one, mandatory-one, optional-many, and mandatory-many (Table 6.1) 
 
Table 6.1 Types of cardinality in database modelling (Connolly & Begg, 2005) 
Symbol Participation + Cardinality 
 
Optional - One 
 
Mandatory - One 
 
Optional - Many 
 
Mandatory - Many 
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The implementation phase starts with the identification of tables and their data source. 
Based on the previous Case Study in Chapter 5 and literature review, there are 14 tables 
that have been constructed. It is categorised under primary and secondary table. The 
former is the main table used in the program while the latter only store foreign key of 
related tables. Most of the data sources were collected from Case Study 1 and through 
literature review. The tables were directed to store information for 3 entities i.e. 
consultants, decision makers and Fuzzy TOPSIS. Table 6.2 describes each of the table 
and it sources. 
Table 6.2 List of Tables, Description and Data Source 
 
Type  Table Name Descriptions Related Entity Source 
scope and 
experiences 
Store scope and experiences of the 
consultants 
Consultants Case Study 1 
consultant details Store consultant details Consultants Case Study 1 
DM Store decision makers details Decision makers Case Study 1 
decision model data Store history of decision making 
session 
Decision makers Case Study 1 
consultant candidates Store selected candidates for 
consideration 
Consultants Case Study 1 
group session Store technical committee team 
member 
Decision makers Case Study 1 
criteria Store list of criteria Fuzzy TOPSIS literature 
review 
weight Store weight of each criteria Fuzzy TOPSIS literature 
review 
ratings Store rating of assessment Fuzzy TOPSIS literature 
review 
consultant fee Store consultant fee data Fuzzy TOPSIS Case Study 1 
Pr
im
ar
y 
Ta
bl
e 
ranking result Store overall ranking result Fuzzy TOPSIS literature 
review 
decision model_dm Store foreign key from decision 
model table and dm table 
- - 
Consultant_candidat
es_consultant fee 
Store foreign key from 
consultant_candidates table and 
consultant fee table 
- - 
Se
co
n
da
ry
 
Ta
bl
e 
Consultant_candidat
es_ranking 
Store foreign key from 
consultant_candidates table and 
ranking  table 
- - 
 
Next, the tables above were further refined into ERD model to represent each relationship 
in the database. It shows the available attributes and its data type from each table. The 
diagram was designed using software called DB Visual Architect. Figure 6.2 illustrates 
the schematic diagram of consultDeSS database. The next section explains the theoretical 
aspect underlying the decision model developed under Fuzzy TOPSIS algorithm. 
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Figure 6.2 Entity Relationship Diagram for consultDeSS 
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6.3 Model Management 
Decision making is the process of finding the best option from all possible alternatives. 
The Managerial and Top Tier subsystem are the components in consultDeSS that aims to 
perform a prioritization process for the selected candidates. As mentioned in Chapter 3, 
MCDM techniques such as TOPSIS have been proven to yield reliable decision making 
output. Classical TOPSIS was initially developed by Hwang & Yoon (1981). Under 
normal circumstances, crisp data used in classical TOPSIS input are usually imprecise to 
model real-life situations. Human judgment and preferences are usually vague and it is 
difficult to estimate the exact input value by using crisp value. By considering this, a 
Fuzzy TOPSIS model has been developed to handle vague data efficiently. This section 
describes the fundamental and theoretical concept of Fuzzy TOPSIS developed for 
consultDeSS. 
 
6.3.1 Preliminaries of Fuzzy TOPSIS 
There are a number of essential definitions needed to be drawn prior discussing the steps 
of Fuzzy TOPSIS. The followings are some basic preliminaries. 
 
Definition 6.1. A fuzzy set A~  in a universe of discourse X is characterized by a 
membership function )(~ xAµ  which associates with each element x in X a real number in 
interval [0, 1]. The function value )(~ xAµ  is termed the grade of membership of x in A
~
 
 
Definition 6.2. A triangular fuzzy number n can be defined by triplet ),,( 321 nnn  as 
shown in Figure 6.4. The membership function )(~ xnµ  is defined as: 









>
≤≤
−
−
≤≤
−
−
<
=
3
32
32
3
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1
0
0
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nx
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nn
nx
nxn
nn
nx
nx
xnµ      (6.1) 
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Figure 6.3 Fuzzy number n  in a triangular form 
 
Definition 6.3. Let ),,( 321 mmmm =  and ),,( 321 nnnn =  be two triangular fuzzy numbers. 
If nm = , then 2211 , nmnm ==  and 33 nm =  
 
Definition 6.4. Let ),,( 321 mmmm =  and ),,( 321 nnnn =  be two triangular fuzzy numbers, 
then the vertex method is defined to calculate the distance between them as  
( ) ( ) ( )( ) 2123322221131),(  −+−+−= nmnmnmnmd   (6.2) 
 
Definition 6.5  Matrix D  is called a fuzzy matrix if at least an entry in D is a fuzzy 
number 
 
Definition 6.6  A linguistic variable that holds a value of linguistic terms. The concept of 
linguistic variable is very useful in dealing with situations which are too complex or too 
ill-defined to be reasonably described in conventional quantitative expression. For 
example “expertise” is a linguistic variable and its values are very low, low, medium, 
high, very high, etc. These linguistic values can also be represented by fuzzy numbers. 
 
6.3.2 Fuzzy TOPSIS Procedure 
The technical assessment in consultDeSS utilises the Fuzzy TOPSIS technique as a 
decision model. Fuzzy TOPSIS is based on the concept that the chosen alternatives 
should have the shortest distance from the positive ideal solution and the longest distance 
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from the negative ideal solution. Suppose “selection” problem in MCDM consists of p 
alternatives pAAAA ,...,, 321 and q criteria qCRCRCRCR ,...,, 321 . Each alternative will take 
a consideration with respect to criterion q. The ratings of criteria and weight with respect 
to each criterion can be accurately represented in the form of matrices such as  
Fuzzy Decision Matrix, qpijxD ×= )(       (6.3) 
Fuzzy weight Matrix, ),...,( 21 qwwwW =      (6.4) 
where ),...,1;,...,1( qjpixij ==  and ),...,1( qjw j = . Fuzzy TOPSIS is executed by using 
the following steps: 
 
Step 1: 
Construct a fuzzy weight matrix, W and fuzzy decision matrix, D where ijx  and jw  are 
linguistic variables that can be shown by a triangular fuzzy number as the followings: 
),,( ijijijij cbax =         (6.5) 
),,( 321 jjjj wwww =         (6.6) 
Step 2: 
Perform normalized fuzzy decision matrix. Linear scale transformation is used to 
transform into comparable scale. The normalisation approach preserves the property that 
ranges from [0, 1] in normalised triangular fuzzy numbers. It is noted by  
qpijrR ×= ]~[
~
        (6.7) 
where B and C are the set of benefit criteria and cost criteria, respectively and  
;,,,,~ Bj
c
c
c
b
c
a
r
j
ij
j
ij
j
ij
ij ∈





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
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+++
      (6.8) 
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−−−
      (6.9) 
,max ijij
cc =+ if ;Bj ∈       (6.10) 
,min ijij aa =
− if ;Cj ∈       (6.11) 
Step 3:  
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Construct weighted normalised fuzzy decision matrix, V~  
[ ]
qpijvV ×=
~
~
        (6.12) 
where ( ) jijij wrv .~~ =  
 
Step 4:  
This step attempts to determine distance measurement between the Fuzzy Positive Ideal 
Solution (FPIS), +A  and Fuzzy Negative Ideal Solution (FNIS), −A . Having V~  as a 
normalised positive triangular fuzzy number that ranges from 0 to 1, we can easily group 
the member as follows; 
)~,..,~,~( 21 ++++ = qvvvA        (6.13) 
)~,..,~,~( 21 −−−− = qvvvA        (6.14) 
where ( )0.1,0.1,0.1~ =+jv  and ( )0.0,0.0,0.0~ =−jv . Thus, the distance measurement can be 
obtained by using the following equation; 
( )∑
=
++
=∀=
q
j
jiji pivvdd
1
,....,2,1,~,~      (6.15) 
( )∑
=
−−
=∀=
q
j
jiji pivvdd
1
,....,2,1,~,~      (6.16) 
Step 5:  
Calculate relative closeness coefficient (final step). Choose an alternative with the 
maximum iCC  or rank alternatives to iCC  in descending order based on the following 
expression; 
( ) pidd
dCC
ii
i
i ,...,2,1, =∀
+
=
−+
−
     (6.17) 
The above steps were utilised to handle list of flexible criteria as mentioned in the 
previous chapter (section).  
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6.3.3 Modified Fuzzy TOPSIS 
 
One of the aims in consultDeSS is to accomplish the two-envelope system that integrates 
technical assessment and consultant fee for consultant selection. Thus, the previous 
decision model needs to be amended. From section 6.2.2, the Fuzzy TOPSIS procedure 
can be iterated to integrate the fee criterion. The model was modified where there is no 
linguistic input for the ratings ijx . The closeness coefficient iCC  has been chosen to 
replace the linguistic ratings. However, the linguistic variable for the criterion weighting 
is still preserved.  Suppose the integration consists of p alternatives pAAAA ,...,, 321 and q 
criterions. In this case there are only two criterions i.e. technical assessment and 
consultant fee. The ratings of criteria and weight with respect to each criterion can be 
presented as 
Fuzzy Decision Matrix, qpijxD ×= )(       (6.18) 
Fuzzy weight Matrix, ),( 21 wwW =       (6.19) 
where )2,1;,...,1( == jpixij  and )2,1( =jw j  
 
With the assumption that consultDeSS will be used by a group of N decision makers, ijx , 
weight, jw , can be defined as follows; 
( )Niiii CCCCCCNx +++= ...
1 21
1      (6.20) 
i
i fees
fees
x
*
2 =       where     ii feesfees min* =     (6.21) 
( )Njjjj wwwNw +++= ...
1 21
       (6.22) 
 
Further to this, it will then follow Step (2) to Step (5) as drawn in section 6.2.2 to get the 
final decision making. Figure 6.4 illustrates the process of a modified Fuzzy TOPSIS for 
two-envelope system of consultant selection. 
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Figure 6.4 A Modified Fuzzy TOPSIS for Consultant Selection’s Two-
Envelope System 
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6.3.4 Algorithm for Fuzzy TOPSIS in consultDeSS 
This section summarises the basic algorithm used for Fuzzy TOPSIS in consultDeSS. It is 
based on theoretical Fuzzy TOPSIS described in section 6.3.1, 6.3.2 and 6.3.3. There are 
3 main algorithm used. Algorithm 6.1 presents the interface of the decision model to 
interact with other sub module in consultDeSS. In addition, this functions is also 
responsible to update the results of decision model computation to the database and 
display it to the decision makers. 
  
Algorithm 6.1: Basic decision model interface with other module in consultDeSS 
 
1. begin 
2.  if decision maker = applicant then 
3.  execute FuzzyTOPSISTechnicalAssesment 
4. else  /*if user is top DM*/ 
5.  select group decision session id 
6.  execute FuzzyTOPSISTechnicalAssesment 
7.  execute FuzzyTOPSISFeeIntegration   
8. end 
9. update result in database 
10. display result for consultant ranking  
11. end             
 
 
 
The above algorithm differentiates managerial and top decision makers, where the former 
only performs the technical assessment and the latter being responsible to contribute both 
technical and consultant fee assessment. The procedure is supported by other sub-
functions i.e. FuzzyTOPSISTechnicalAssesment and FuzzyTOPSISFeeIntegration. These 
functions process a more technical feature of Fuzzy TOPSIS as described in Algorithm 
6.2 and Algorithm 6.3. Both algorithms return the result to Algorithm 6.1. 
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Algorithm 6.2:  FuzzyTOPSISTechnicalAssesment procedure for applicant or managerial 
decision maker i.e. DM1 and DM2 
 
1. begin 
2. for j ←1 to p do 
3.      get linguistic input for weight W[j] 
4.      generate fuzzy number  in w[j] 
5. end 
6.  for i ← 1 to p do 
7.       for j ←1 to q do 
8.  get linguistic input for rating D [i][j] 
9.  generate fuzzy number in x[i][j]   
10.       end 
11. end 
12. for i ←1 to p do 
13.       for j ←1 to q do 
14.  perform normalised decision matrix R for [i][j]  
15.       end 
16. end 
12. for i ←1 to p do 
13.       for j ←1 to q do 
14.  V [i][j] = (R [i][j]) * (w[j])   
15.       end 
16. end 
17. foreach V [i][j] of weighted normalised decision matrix do 
18.      find and generate Fuzzy Positive Ideal Solution , A_plus [j] 
19.      find and generate Fuzzy Negative Ideal Solution,  A_minus [j] 
20. end 
12. foreach V [i][j] of weighted normalised decision matrix do 
13.      compute distance d_plus (V [i][j], A_plus [j]) 
14.      compute distance d_minus (V [i][j], A_minus [j]) 
15. end 
16. for i ← 1 to p do 
17.      cc[i] = d_minus [i] / (d_plus[i] + d_minus[i]) 
18. end 
19. update results to database 
20. return result 
21. end 
 
 
 
The above procedure (Algorithm 6.2) present FuzzyTOPSISTechnicalAssesment function 
that captures the linguistic input from decision makers to get the weight and ratings of 
each consultant with respect to all criterions. Next, the function computes the ranking as 
described in section 6.2.2. Lastly, the results were updated in the database and returned 
back to the parent function. 
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Algorithm 6.3:  FuzzyTOPSISFeeIntegration procedure for top decision maker i.e. DM3, 
DM4 and DM5 
 
1. begin 
2. for j ←1 to p do 
3.      get average linguistic input for weight W[j] from N makers  
4.      generate fuzzy number  in w[j] 
5. end 
6 foreach cc [i] do 
7.      get average cc [i] from N decision makers in database 
8.      get inversely proportional consultant fee, fees [i] 
9. end 
10.  for i ← 1 to p do 
11.       for j ←1 to q do 
12.  insert cc [i]  and fees [i] to D [i][j] 
13.  generate fuzzy number in x[i][j]   
14.       end 
15. end 
16. for i ←1 to p do 
17.       for j ←1 to q do 
18.  perform normalised decision matrix R for [i][j]  
19.       end 
20. end 
21. for i ←1 to p do 
22.       for j ←1 to q do 
23.  V [i][j] = (R [i][j]) * (w[j])   
24.       end 
25. end 
26. foreach V [i][j] of weighted normalised decision matrix do 
27.      find and generate Fuzzy Positive Ideal Solution , A_plus [j] 
28.      find and generate Fuzzy Negative Ideal Solution,  A_minus [j] 
29. end 
30. foreach V [i][j] of weighted normalised decision matrix do 
31.      compute distance d_plus (V [i][j], A_plus [j]) 
31.      compute distance d_minus (V [i][j], A_minus [j]) 
33. end 
34. for i ←1 to p do 
35.      cc[i] = d_minus [i] / (d_plus[i] + d_minus[i]) 
36. end 
37. update results to database 
38. return result 
39. end 
 
 
 
Similar to previous algorithm, FuzzyTOPSISFeeIntegration uses quantitative data such as 
consultant fee to the existing ranking that has been done before. The function also 
averages the opinion of N decision makers for the weight of technical assessment cc [i]   
and consultant fee, fees [i]. Eventually, the final decision result were updated in database, 
returned and displayed. 
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6.4 Advances Decision Features 
This section illustrates a sample of screen shots resulted from of the implementation of 
consultDeSS. They were developed by using PHP programming language with MySQL 
as database and Apache as a web server. This section describes decision advances 
features offered by consultDeSS such as search facilities, customisable decision 
environment, linguistic input, single and group decision support. Initially, a user will 
enter a correct user name and password to enter the main screen as shown in Figure 6.5 
below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5 consultDeSS ver 0.0.1 Login and Main Screen 
 
 
Decision makers can choose the task for single (applicant) or group decision (technical 
committee). In addition there are also other menus such as Home, settings (to customise 
criteria), basic and advanced search. User interfaces are kept simple for this prototype 
version to encourage users to give feedback in the evaluation phase.  
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6.4.1 Database, Consultant Data Viewing and Search Support 
 
In many application domains, data retrieval supports most of the operational level by 
providing necessary data to end users. SQL is one of the widely used techniques in data 
manipulation. It is based on ANSI (American National Standards Institute) standard and 
it includes few basic commands such as SELECT, UPDATE, DELETE, INSERT, and 
WHERE (Rob & Coronel, 2007). Complete documentation regarding the use of SQL can be 
found in http://www.w3schools.com/sql/default.asp. As mentioned before, database in 
consultDeSS was developed by using MySQL using PhpMyadmin as the tool for data 
management (Figure 6.6) 
 
 
 
Figure 6.6 Database manipulation for consultDeSS 
 
Pursuing this further, a search facility was implemented as an added feature in 
operational tier module.  Figure 6.7 illustrates an interface performing basic search 
function from a text box. Decision maker is expected to enter a keyword and the program 
will eventually suggest consultant’s name. SQL function used is as follows: 
SELECT consultant_name, registration number 
FROM consultants_details 
WHERE consultant_name LIKE ‘%keywords%’; 
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Figure 6.7 Basic Search Function 
 
Alternatively, user can opt to perform advanced search. A few attributes such as scope of 
work, state, current workload and completed project can be selected from the ERD design 
as an option for advanced search. The following exemplifies the interface (Figure 6.8) 
and the values associated for each attribute (Table 6.3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.8 Advanced Search Function 
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Table 6.3 Attributes for Search Options 
Attributes Values 
Scope of work Water and Hidrology, Flood, Storm Water, River, Coastal, Land Surveying 
State in Malaysia Perlis, Kedah, Pulau Pinang, Perak, Selangor, Kuala Lumpur, Negeri Sembilan, 
Melaka, Johor, Pahang, Kelantan, Terengganu, Sabah, Sarawak 
Current Workload None, 1 to 5, 6 to 10, More than 10 
Completed Project None, 1 to 5, 6 to 10, More than 10 
 
Furthermore, SQL was also utilised to display consultant details to be used during 
technical assessment session by decision makers. Figure 6.9 illustrates the screen shot of 
consultant details viewing page. 
 
 
Figure 6.9 Consultant Details Viewing 
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6.4.2 Single and Group Decision Making Under Fuzzy Environment 
DSS in this study is designed to inline with human thinking in a fuzzy environment. 
Therefore, the input in consultDeSS is based on linguistic input. This membership 
function is used to store the linguistic input from user. The fuzzy numbers are generated 
as an input for the weight and ratings as in Table 6.4 and Table 6.5 
 
Table 6.4 Linguistic Variables for the Importance Weight of Each Criterion 
Linguistic Variables Fuzzy Numbers 
Very Low (VL) (0, 0, 0.1) 
Low (L) (0, 0.1, 0.3) 
Medium Low (ML) (0.1, 0.3, 0.5) 
Medium (M) (0.3, 0.5, 0.7) 
Medium High (MH) (0.5, 0.7, 0.9) 
High (H) (0.7, 0.9, 1.0) 
Very High (VH) (0.9, 1.0, 1.0) 
 
Table 6.5 Linguistic Variable for the Ratings 
Linguistic Variables Fuzzy Numbers 
Very Poor (VP) (0, 0, 1) 
Poor (P) (0, 1, 3) 
Medium Poor (MP) (1, 3, 5) 
Fair (F) (3, 5, 7) 
Medium Good (MG) (5, 7 ,9) 
Good (G) (7, 9, 10) 
Very Good (VG) (9, 10, 10) 
  
The following graphs illustrate the fuzzy variables for the weight and rating in 
consultDeSS (Figure 6.10 and Figure 6.11) 
 
Fig 6.10    Linguistic Variables for the 
Importance of Weight 
 
 
Figure 6.11    Linguistic Variables for the 
Ratings  
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The above abstraction can be depicted into user interface as follows. In Figure 6.12, 
decision maker is required to assign linguistic weight for each criterion such as VL, L, 
ML, M MH, H, or VH. 
 
 
Figure 6.12 Linguistic Inputs for Weight Assignment 
 
The next Figure 6.7 depicts the linguistic input for technical assessment. Each consultant 
is assigned variable VP, P, MP, F, MG, G or VG. During this session, consultant’s details 
(Figure 6.9) are viewed to assess each consultant with respect to each criterion. Figure 
6.13 depicts the input of the system for rating assignment. Following to this, the result of 
the ranking in Fuzzy TOPSIS is displayed in the next page (Figure 6.14) 
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Figure 6.13 Linguistic Inputs for Consultant’s Ratings 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.14 Technical Assessment Output  
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In terms of group decision making, considering that the consultDeSS has 
1≥K decision makers, then the importance of criteria and the rating of alternatives with 
respect to each criterion can be aggregated as; 
[ ]Kijijijij xxxKx )()()(
1 21 +++= K      (6.23) 
[ ]Kjjjj wwwKw )()()(
1 21 +++= K      (6.24) 
where Kijx  and 
K
jw are the rating of the Kth decision maker. 
 
Upon completing the technical assessment, decision makers will be asked to 
assign weight between importance of technical assessment and consultant fees. They are 
not allowed to know the consultant fees as this is based on two-envelope system 
selection. Figure 6.15 exemplifies the snapshot of weight assignment for the final 
decision making 
 
 
 
Figure 6.15 Weight Assignments for Technical Assessment and Fees 
 
 
6.4.3 Additional feature in consultDeSS 
There are also other additional features in consultDeSS where user can view the progress 
of current activity in the group session and also customise their own set of criteria for 
technical assessment. In addition, users can also add their own criteria to the system. 
(Figure 6.16) 
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Figure 6.16 Additional Features in consultDeSS 
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6.5 Chapter Summary  
The third phase of Design Science Research Method is the build or development phase. 
At this stage, an IT artefact has been built based on the design or conceptual model in the 
previous chapter. As a highly cited paper, March & Smith (1995) defines the artefact as a 
DSRM output that can be classified into four types i.e. constructs, models, methods and 
instantiations. Thus, the purpose of this chapter is to demonstrate the methods and 
instantiation of the artefacts.  The methods consist of database model and decision model 
algorithm used in the development across all level in decision making i.e. operational, 
middle and top tier module. The database supports consultDeSS by providing the 
requested data to each subsystem.  The operational tier module was developed to support 
data management and acquisition. In addition, Structured Query Language (SQL) is used 
to execute search facilities. On the other hand, the middle and top tier leverag the Fuzzy 
TOPSIS algorithm for single user and group decision making. As a result, a multilevel 
web based DSS namely consultDeSS was implemented to solve the consultant selection 
problem based on requirements in Chapter 5. It is identified that consultDeSS is designed 
to be more practical than other DSS either in literature or in case study 1 (paper based 
system) by offering more features to solve CSP.  Thus, the implementation approach in 
this chapter answers the second research questions i.e. lack of practicality sound DSS. 
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"Stay committed to your decisions, but stay flexible in your approach." 
Tom Robbins 
 
 
 
 
 
Chapter 7:  
The Evaluation of DSS and 
Discussions 
 
 
 
 
  
 
 
 
7.1 Introduction 
 
The web based DSS prototype is presented in Chapter 6. Thus, there is a need to assess 
how good the system that has been developed. The primary purpose of this chapter is to 
validate the consultDeSS in terms of its usability and utility, in attempt to answer the 
third research question “Disregard the validity of DSS usage”.  Two objectives are set to 
answer the third research question i.e. conducting sub-system validation to validate DSS 
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components such as decision model, and performing face validation to assess DSS 
general utility/usability using heuristic evaluation technique. The Case Study starts with 
Sub System evaluation. At this phase, the decision model was analysed and compared 
with current practice. The same case projects in Chapter 5 were used. Next, the Face 
Validation was performed to further evaluate consultDeSS in terms of usability and 
utility of the system. Hence, the evaluation process and outcomes demonstrate 
consultDeSS’s ability to be utilized in real world application. The end of the chapter 
discusses and interprets the findings of the overall research activities 
 
 
 
Figure 7.1    The link between Chapters, Research Objectives and Research 
Questions 
 
Chapter  Research Objectives Research Questions 
Chapter 7: 
 
The 
Evaluation of 
DSS 
Perform a sufficient software requirement analysis 
and design for DSS 
- conducting requirement elicitation by identifying 
user model and organizational setting for 
consultant selection 
- performing Tropos requirement analysis for 
consultant selection which encompass early 
requirement and late requirement 
 
Theoretically 
insufficient 
DSS Design 
 
Lack of 
practicality 
sound DSS 
Chapter 5: 
 
The Design of 
DSS 
Develop a practical prototype for DSS 
- Develop DSS components such as data 
management, decision models and user interface for 
desktop and web based application 
- integrate DSS components into three tier platform 
such as operational layer, middle tier layer and top 
tier layer 
Chapter 6: 
 
The 
Implementation 
of DSS 
Establish DSS Evaluation framework to assess 
usability 
- conducting sub system validation to validate DSS 
components such as decision models 
- performing face validation to assess DSS general 
utility and usability using heuristic evaluation 
technique 
Disregard 
the validity of 
DSS usage 
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7.2 Sub-system Evaluation 
Sub-system evaluation involves an observation of DSS utilization during decision making 
process by applicant and technical committee based on Case Study A and Case Study B 
in Chapter 5. The results were collected from user input and sample set of questionnaire 
in the system developed in Chapter 6 (section 6.3). The findings are divided into middle 
tier and top tier evaluation. The latter outlines the technical assessment from applicant 
while the former describes the technical and financial assessment by technical 
committee’s point of view. Similar criteria described in section 5.2.3 (Chapter 5) were 
used. They include organisational staffing (CR1), general experience (CR2), experience 
in same project/studies (CR3), current workload (CR4), expertise (CR5), economic 
balance and stability (CR6), knowledge in project location (CR7), methodology (CR8) 
and fees.  The same alternatives were also used i.e. A1, A2, A3, A4, A5. (Table 7.1) 
 
Table 7.1    Consultants and Variable Instantiations 
Alternatives Case A Case B 
A1 Consultant 1 Consultant 4 
A2 Consultant 2 Consultant 5 
A3 Consultant 3 Consultant 6 
A4  Consultant 7 
A5  Consultant 8 
 
The subsequent section illustrates the application of decision model using consultDeSS 
by applicant and technical committee for both Case A and Case B. 
 
7.2.1 Middle Tier Module: Technical Assessment by Applicant 
In Middle Tier module, the default settings in consultDeSS generated 4 standard criteria 
such as CR1, CR2, CR3, and CR4. In addition, there are 3 alternatives involved in Case 
A i.e. A1, A2, and A3. On the other hand, candidates A1, A2, A3, A4, A5 were included in 
Case B. The following is the hierarchical structure in the Middle Tier module for both 
cases. 
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Figure 7.2      Default hierarchical structure in middle tier for case a and B  
(with additional Alternatives A4 and A5 in case B) 
 
Initially, the prototype acquires a set of linguistic input from the decision makers for 
weight assignment with respect to each criterion. Next, DM1 and DM2 were prompted to 
enter the ratings for each consultant candidate. Results for weight and rating assignment 
are presented in Table 7.2 and Table 7.3. Once an array of input from users is received, 
the prototype activates the decision model that utilises Fuzzy TOPSIS procedure by 
constructing instances as the followings; (1) fuzzy decision matrix and fuzzy weight, (2) 
fuzzy normalized decision matrix, (3) fuzzy weighted normalized decision matrix, (4) 
determine separation from ideal solution, S+, (5) determine separation for negative ideal 
solution, S-, (6) distance measurement, and (7) calculate relative closeness coefficient to 
ideal solution, CCi. The arithmetic of the algorithm is presented in Appendix C1. The 
final result for Case A and Case B are shown in Table 7.4 
 
Table 7.2   Weight of Criteria in Middle Tier Module  
 
Linguistic Variables 
Criterions DM1 (Case A) DM2 (Case B) 
CR1 H MH 
CR2 VH H 
CR3 MH M 
CR4 M ML 
 
 
  
 
 
 
 
Technical Assessment 
 CR1  CR2  CR3  CR4 
A1 A2 A3 A4 A5 
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Table 7.3   Rating for Alternatives under All Criteria  
 
Criteria Alternatives Ratings 
  Case A Case B 
CR1 A1 G F 
 A2 G MG 
 A3 G VG 
 A4  F 
 A5  G 
   
 
CR2 A1 G MG 
 A2 G G 
 A3 MG VG 
 A4  G 
 A5  VG 
   
 
CR3 A1 G G 
 A2 VG G 
 A3 MG VG 
 A4  MG 
 A5  VG 
   
 
CR4 A1 G MG 
 A2 F G 
 A3 G MG 
 A4  VG 
 A5  MP 
 
 
Table 7.4    Results for Managerial Module  
 
 Case A Case B 
 S+ S- CCi Rank S+ S- CCi Rank 
A1 0.070475 0.459032 0.866905 1 0.6462 0.2152 0.2489 5 
A2 0.1812 0.34104 0.653033 2 0.3373 0.5472 0.6187 3 
A3 0.34104 0.1812 0.346967 3 0.0638 0.7950 0.9257 1 
A4 - - - - 0.5226 0.3378 0.3927 4 
A5 - - - - 0.2646 0.6024 0.6949 2 
 
 
For Case A, it is identified that Consultant 1 ranked the highest followed by Consultant 2 
and Consultant 3. On the other hand, Consultant 6 and Consultant 8 are the most 
favourable candidates compared to subsequently placed Consultant 5, Consultant 4, and 
Consultant 7. Next, the candidates were evaluated by technical committee member in 
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terms of technical and financial in Top Tier Module, which result is detailed in the next 
section. 
  
7.2.2 Top Tier Module: Technical and Financial Assessment by Technical 
Committee  
 
In Top Tier Module, users were able to perform technical and financial assessment. This 
section illustrates the result obtained during mock sessions of group decision making 
using consultDeSS.  Similarly, the procedure is the same as section 7.2.1 with an addition 
of group aggregation and final decision making by integrating fees. The algorithm for 
modified Fuzzy TOPSIS is as explained in Chapter 6 (section 6.2). 
 
i) Technical Assessment by Technical Committee  
Instead of just the standard criteria, decision makers were also allowed to select their own 
preferences. Appendix C2 illustrates each decision maker’s choice of preferred criteria. 
Table 7.5 reports the selected criteria along with linguistic variables. Like the previous 
step, users were also asked for the rating and the result is outlined in Table 7.6 for Case A 
and Case B.  
 
Table 7.5    Importance Weight of Criteria in Top Tier for Case A and Case B 
 
Criterion Linguistic Variables 
 Case A Case B 
 DM3 DM4 DM5 DM3 DM4 DM5 
CR1 MH MH H MH H H 
CR2 H VH VH H VH VH 
CR3 M M MH M MH MH 
CR4 ML ML M ML M M 
CR5 VH - VH VH VH VH 
CR6 L - - L - ML 
CR7 - L - - L - 
CR8 - - - - - L 
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Table 7.6    Rating for Alternatives under All Criteria (technical committee) 
 
Ratings 
Case A Case B Criterion 
 
Alternative’s 
Variables 
 DM3 DM4 DM5 DM3 DM4 DM5 
A1 MG G G MG F F 
A2 F F MG G MG MG 
A3 MG MG MG VG G G 
A4    G MG F 
CR1 
 
 A5    MG MG MG 
A1 G MG G MG F F 
A2 G MG G G G MG 
A3 F F MG VG VG G 
A4    G G F 
CR2 
 
 A5    VG VG G 
A1 G G G F MP F 
A2 VG MG F F F F 
A3 G F F MG G G 
A4    F F F 
CR3 
 
 A5    G G VG 
A1 G MG MG G F F 
A2 MP P MP VG G G 
A3 G G G F F F 
A4    VG G G 
CR4 
 
 A5    MP P P 
A1 VG - VG MG - MG 
A2 G - G MG - G 
A3 MG - G VG - G 
A4    F - MG 
CR5 
 
 A5    G - G 
A1 MG - - VG - G 
A2 VG - - F - F 
A3 F - - F - F 
A4    F - F 
CR6 
 
 A5    G - G 
A1 - G - - MG - 
A2 - G - - G - 
A3 - F - - F - 
A4    - F - 
CR7 
 
 A5    - MP - 
A1 - - - - - G 
A2 - - - - - G 
A3 - - - - - G 
A4    - - MG 
CR8 
 
 A5    - - G 
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The technical assessment result in Case A and Case B from committee members 
are summarised in Table 7.7, Table 7.8 and Table 7.9 respectively. Next, the group 
aggregation for technical assessment result is presented in Table 7.10. The abstraction 
of fuzzy TOPSIS calculation is compiled in Appendix C3. 
 
Table 7.7      Technical Assessment Result from DM3 
 Case A Case B 
 S+ S- CCi Rank S+ S- CCi Rank 
A1 0.0696 0.9693 0.9330 1 0.8858 0.4342 0.3289 5 
A2 0.4598 0.5854 0.5601 2 0.6839 0.6435 0.4848 3 
A3 0.6964 0.3409 0.3287 3 0.2652 1.040 0.7967 1 
A4     0.8660 0.4500 0.3419 4 
A5     0.4940 0.8257 0.6256 2 
 
 
Table 7.8     Technical Assessment Result from DM4 
 
 Case A Case B 
 S+ S- CCi Rank S+ S- CCi Rank 
A1 0.0465 0.9097 0.9513 1 1.1161 0.1926 0.1472 5 
A2 0.5794 0.3771 0.3943 3 0.4122 0.9124 0.6889 2 
A3 0.5652 0.3921 0.4096 2 0.1727 1.1328 0.8677 1 
A4     0.4716 0.8530 0.6440 4 
A5     0.4199 0.8883 0.6790 3 
 
 
Table 7.9      Technical Assessment Result from DM5 
 
 Case A Case B 
 S+ S- CCi Rank S+ S- CCi Rank 
A1 0.0785 0.8913 0.9190 1 1.3263 0.3394 0.2038 5 
A2 0.8009 0.1657 0.1715 3 0.7312 0.9400 0.5625 3 
A3 0.6809 0.2857 0.2956 2 0.3650 1.3153 0.7828 1 
A4     1.2792 0.3848 0.2313 4 
A5     0.5286 1.1391 0.6831 2 
 
 
Table 7.10      Group Aggregation for Technical Assessment 
 
 CCi  for Case A CCi  for Case B 
 DM3 DM4 DM5 
*
iCC  
Case 
A 
Rank 
DM3 DM4 DM5 
*
iCC  
Case 
B 
Rank 
A1 0.9330 0.9513 0.9190 0.9345 1 0.3289 0.1472 0.2038 0.2266 5 
A2 0.5601 0.3943 0.1715 0.3753 2 0.4848 0.6889 0.5625 0.5787 3 
A3 0.3287 0.4096 0.2956 0.3446 3 0.7967 0.8677 0.7828 0.8157 1 
A4      0.3419 0.6440 0.2313 0.4057 4 
A5      0.6256 0.6790 0.6831 0.6626 2 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 169 
 
Based on group aggregation the resulted ranking after technical assessment in Case A is 
as follows; Consultant 1  f  Consultant 2  f  Consultant 3. On the other hand, in Case 
B, the result is Consultant 6  f  Consultant 8  f  Consultant 5  f  Consultant 7  f  
Consultant 4. The next section describes the completion of final decision making with 
fee integration. 
 
ii) Final Decision Making with Fee Integration 
At this stage, decision makers are required to enter the linguistic input for weight 
assignment between Technical Assessment and fees criteria. The inputs from users are 
aggregated and the previous closeness coefficients (CCi) from each decision makers are 
averaged. Thus, users are not required to provide rating to quantitative variables except 
for the weight assignment. The abstraction of this process has been discussed 
thoroughly in Chapter 6 (section 6.2.3). The following table outlines the importance of 
weight for Technical Assessment and fees (Table 7.11). The arithmetic of Fuzzy 
TOPSIS at this phase is shown in Appendix C3. 
 
Table 7.11       Importance of weight between Technical Assessment and Consultant Fee 
 
Criteria 
Case A Case B 
 
Decision 
Makers Technical Assessment fees Technical Assessment fees 
DM3 VH L VH ML 
DM4 H L H L 
DM5 H ML VH ML 
 
Table 7.12 presents the final decision making drawn from group decision making. It is 
identified that the results remain unchanged from the previous phase where in Case A, 
the resulted ranking is Consultant 1  f  Consultant 2  f  Consultant 3 and in Case B, 
Consultant 6  f  Consultant 8  f  Consultant 5  f  Consultant 7  f  Consultant 4. 
 
Table 7.12    Final Decision Making after Fee Integration 
 
 Case A Case B 
 S+ S- CCi Rank S+ S- CCi Rank 
A1 0.0069 0.5340 0.9873 1 0.5594 0.0124 0.0216 5 
A2 0.5101 0.0307 0.0568 2 0.2219 0.3499 0.6119 3 
A3 0.5340 0.0069 0.0127 3 0.0179 0.5539 0.9687 1 
A4 - - - - 0.3861 0.1856 0.3247 4 
A5 - - - - 0.1637 0.4081 0.7138 2 
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7.2.3 Decision Patterns: Comparison to Current Practice 
It is important to perform a comparison between the current practice and the newly 
implemented system. This will indicate an insight regarding the validity of decision 
model in DSS. Table 7.13 compares the decision making results from the current 
practice and consultDeSS. The results of current practice were obtained during the 
elicitation process as described in Chapter 5.  
The table exemplifies a typical selection process in the department and it shows 
the pattern of decision making output among decision makers. During managerial 
decision making, DM1 and DM2 used the standard set of criteria in both paper based 
and DSS i.e. CR1, CR2, CR3 and CR4. The ranking position for both systems produced 
similar result in Case A and Case B. Thus, the arithmetic of decision model can be 
considered as valid in terms of its logic.  
On the other hand, the ranking result within technical committee member 
slightly varies from the manual system particularly for DM4 (Case A and Case B) and 
DM5 (Case A). This is because they were allowed to customise their own set of criteria 
and their weight. It is important for decision makers to express their own perspectives 
and indirectly avoid conflicts among team members. In this study, the final decision 
making yields similar overall ranking position with paper based system. 
ConsultDeSS was developed to follow the guidelines of decision making 
process in the department. Moreover, it was designed to support fuzzy environment 
with linguistic inputs during selection process which is more practical than the current 
system. On the basis of the similarity of ranking position produced by consultDeSS, the 
decision model developed is theoretically valid in terms of its arithmetic and its internal 
subsystem which follows the procedure in the department. Apart from sub system 
validation, the system needs to be validated in terms of its practicality and usefulness 
from end users’ point of view. The next section illustrates the findings of Face 
Validation of the system. 
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Table 7.13  Decision Patterns in Current Practice and consultDeSS 
 
 
*Legend: a= managerial level, b= top level during technical assessment, c= top level during group aggregation, d=  top level and final decision making with fee 
integration
 Ranking Position 
  Case A Case B 
*Decision Level activities  a b c d a b c d 
Decision Makers  DM1 DM3 DM4 DM5 group group DM2 DM3 DM4 DM5 group group 
Consultant 1 1 1 1 1 1 1 
      
Consultant 2 2 2 2 2 2 2 
      
Consultant 3 3 3 3 3 3 3 
      
Consultant 4 
      
5 5 5 5 5 5 
Consultant 5 
      
3 3 3 3 3 3 
Consultant 6 
      
1 1 1 1 1 1 
Consultant 7 
      
4 3 4 4 4 4 
 
 
 
 
Current  Practice 
Consultant 8 
      
2 2 2 2 2 2 
  
      
      
Consultant 1 1 1 1 1 1 1 
      
Consultant 2 2 2 3 3 2 2 
      
Consultant 3 3 3 2 2 3 3 
      
Consultant 4 
      
5 5 5 5 5 5 
Consultant 5 
      
3 3 2 3 3 3 
Consultant 6 
      
1 1 1 1 1 1 
Consultant 7 
      
4 4 4 4 4 4 
 
 
 
 
consultDeSS 
Consultant 8 
      
2 2 3 2 2 2 
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7.3 Face Validation Results 
As mentioned in Chapter 4 (section 4.4.4), face validation concerns on usability and 
utility of DSS to support decision making in an organization. Thus, this section reports on 
how good the system that has been implemented in terms of usability and overall 
performance of DSS from decision makers’ point of view. For the purpose of Face 
Validation, a set of questionnaire evaluation form for DSS evaluation was prepared and 
distributed to decision makers (Appendix C4). Decision makers were given oral and 
written descriptions of the purpose of DSS evaluation, their attributes and scoring system 
to ensure that they understand the elements well while performing this activity.  
Generally, system development requires an iterative design process based on 
user’s feedback after using the system. This section discusses an iterative evaluation 
approach that is often overlooked in construction literature. The process involves 2 
iteration of evaluation as agreed by evaluators upon completion of iteration 2 (section 
7.4.3). This study uses decision makers as respondent due to their first hand experience in 
application area.  
 
7.3.1 User Acceptance and Iterations 
This section reports the overall user acceptance from evaluators after they experience and 
familiarize with the system. The user acceptance section was included as part of Face 
Validation to seek opinion from respondent should the system design or decision 
approach of the system need to be revised and re-evaluated. There are 2 main 
components in the systems that need to be evaluated i.e. the Decision Approach and 
Prototype System Design. The questionnaires used to yield the result are attached in 
Appendix C4. The scoring system is as follows (Buykx, 2009; Edwards, Moloney, Jacko 
& Sainfort, 2008; Komarkova et al., 2007; Nielsen, 2005b); 
 
• 0=  No Usability/Utility Problem, accept with no revision and no re-evaluation 
• 1=  Cosmetic Usability/Utility Problem only, accept with minor revision and no 
re-evaluation 
• 2=  Minor Usability/ Utility Problem, accept with minor revision and with re-
evaluation 
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• 3=  Major Usability/Utility Problem, accept with major revision and with re-
evaluation 
• 4=  Usability Catastrophe, unacceptable and need for system redesign 
 
From the result, it is identified that the mean of acceptance level in Iteration 1 for the 
system design is 1.6 which requires a minor revision and re-evaluation. The system was 
revised and the respondent opined that two iterations are sufficient for the prototype with 
only cosmetic problem existed.  The standard deviation for both iterations is 0.49 which 
is considerably low dispersed and acceptable. Table 7.14 outlines the acceptance level of 
DSS. 
Table 7.14 Acceptance Level of consultDeSS 
 
 Iteration 1 Iteration 2 
 DM1 DM2 DM3 DM4 DM5 avg SD DM1 DM2 DM3 DM4 DM5 avg SD 
Decision  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Design 2 1 2 2 1 1.6 0.49 1 0 0 1 0 0.4 0.49 
 
Throughout Face Validation section, the results for Heuristic Evaluation and Global 
Utility Evaluation are discussed based on Iteration 1 and Iteration 2 activities. Thus, the 
next sub-section explains in details Heuristic Evaluation and Global Utility Evaluation. 
 
7.3.2 Heuristic Usability Evaluation 
 
The usability of consultDeSS was evaluated by using Heuristic Technique (Nielsen, 
2005b). As discussed in Chapter 3 (section 3.4.5), there are 10 usability factors needed to 
be considered while undertaking usability evaluation. Table 7.15 lists the set of usability 
heuristic and the variables used in this section.  
 
Table 7.15 Usability Heuristic and its Variables 
 
Variables Usability Heuristics 
U1 Match Between System and Real World 
U2 User control and Freedom 
U3 Consistency and Standards 
U4 Help Users Recognize, Diagnose and Recover from Errors 
U5 Recognition Rather Than Recall 
U6 Aesthetic and Minimalist Design 
U7 Error Prevention 
U8 Visibility of System Status 
U9 Flexibility and Efficiency of Use 
U10 Help and Documentation 
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Considering that the evaluators are novice in usability evaluation field, 23 sub 
questions were probed to give them some idea of comments regarding the system usage. 
Table 7.16 shows the decision makers responses to the sub questions to determine the 
ability of consultDeSS to support each usability factor. The positive response, “Yes” 
means that the DSS adhere to usability concept in general. In the first iteration of 
evaluation, it is identified that only 13 sub questions adhere to the usability concept. 
Usability violation and recommendation from users were recorded and remedied in the 
next iteration and the results substantially improve the perceived opinion from users 
where only 3 sub questions were marked as negative. The heuristic violation, 
recommendation and design solution for both iterations are compiled in Appendix C5. A 
resolution of a heuristic violation is declared as “remedied” if technical solution to the 
problem was found. Typically, a problem is “not remedied” due to comments that are 
related to technical aspect over which the designer has no control or unable to implement 
a remedy. 
Table 7.16 Usability Adherence in consultDeSS 
 
Total Response of Evaluators 
Iteration 1 Iteration 2 
 
Usability 
Factor 
 
Sub 
Questions Positive Negative  N/A Positive  Negative  N/A 
1.1 3 2 0 4 1 0  
U1 1.2 4 1 0 5 0 0 
2.1 4 1 0 4 1 0  
U2 2.2 5 0 0 5 0 0 
3.1 4 1 0 5 0 0 
3.2 5 0 0 5 0 0 
 
U3 
3.3 5 0 0 5 0 0 
4.1 5 0 0 5 0 0 
4.2 5 0 0 5 0 0 
 
U4 
4.3 5 0 0 5 0 0 
5.1 5 0 0 5 0 0 
5.2 4 1 0 5 0 0 
 
U5 
5.3 5 0 0 5 0 0 
6.1 5 0 0 5 0 0 
6.2 5 0 0 5 0 0 
 
U6 
6.3 4 1 0 5 0 0 
7.1 5 0 0 5 0 0 
7.2 5 0 0 5 0 0 
 
U7 
7.3 4 1 0 5 0 0 
U8 8.1 4 1 0 4 1 0 
9.1 4 1 0 5 0 0  
U9 9.2 5 0 0 5 0 0 
U10 10.1 0 2 3 5 0 0 
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In general, there were 86.96% positive feedbacks received with 10.43% negative 
feedback for usability adherence. After amendments were made to the system in iteration 
2, the positive feedbacks increases to 97.39% and the negative decreases to 2.61%  
(Figure 7.3). 
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Figure 7.3      Feedback Perceived for Usability Adherence 
 
 
Table 7.17 details the severity scores of heuristics violation in which each evaluator rated 
the total severity score, percentage, mean and standard deviation (SD) according to each 
heuristic factor.  
 
Table 7.17 Overall Severity Score by Each Usability Factor for Iteration 1 
 
Severity Score Usability 
Factor DM1 DM2 DM3 DM4 DM5 
Total 
Score 
 
% 
 
Mean 
 
SD 
U1 2 2 2 2 1 9 30 1.8 0.45 
U2 1 0 1 2 0 4 13.33 0.8 0.84 
U3 2 0 1 1 1 5 16.67 1 0.71 
U4 0 0 0 1 1 2 6.67 0.4 0.55 
U5 0 1 0 0 0 1 3.33 0.2 0.45 
U6 0 0 1 1 0 2 6.67 0.4 0.55 
U7 0 0 0 1 1 2 6.67 0.4 0.55 
U8 0 0 0 0 1 1 3.33 0.2 0.45 
U9 0 1 0 0 0 1 3.33 0.2 0.45 
U10 1 1 0 0 1 3 10 0.6 0.55 
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During iteration 1, the total score of severity rating is 30. Evaluators rated 
heuristic U1 as the major drawback followed by U3 and U2. The remaining heuristics are 
considered as minor. The overall mean of severity in this iteration is 0.6. The mean of 
overall of the SD of all ratings is 0.56 which shows that severity ratings of evaluators are 
only dispersed marginally. In iteration 2, the problems were significantly reduced in 
terms of total score to 9. However, most of the problems mostly exist in U1, U2 and U3 
with a reduced number of problems. The overall mean of severity has declined to 0.18 
with an average SD of 0.26. Table 7.18 presents the summary of the severity score in 
iteration 2. 
 
Table 7.18 Overall Severity Score by Each Usability Factor for Iteration 2 
 
Severity Score Usability 
Factor DM1 DM2 DM3 DM4 DM5 
Total 
Score 
 
% 
 
Mean 
 
SD 
U1 1 1 0 1 0 3 33.33 0.6 0.55 
U2 0 1 1 0 0 2 22.22 0.4 0.55 
U3 1 0 0 1 0 2 22.22 0.4 0.55 
U4 0 0 0 0 0 0 0 0 0 
U5 0 0 0 0 0 0 0 0 0 
U6 0 0 1 0 0 1 11.11 0.2 0.45 
U7 0 0 0 0 0 0 0 0 0 
U8 0 0 0 0 1 1 11.11 0.2 0.45 
U9 0 0 0 0 0 0 0 0 0 
U10 0 0 0 0 0 0 0 0 0 
 
 
From the comments received from evaluators in both iterations, there are 29 
heuristics problems identified (Appendix C5). A number of technical solutions were 
made to consultDeSS as outlined in Appendix C5. Overall, the following problems were 
found in each heuristics factors; U1 with 12 problems followed by U2 and U3 with 4 
problems. Meanwhile, U6 and U8 consist of 2 problems each and U4, U5, U7, U9, U10 
posses 1 problem respectively. Only 2 problems were not remedied in U1 as the 
comments were out of the system scope. Figure 7.4 depicts the frequency of heuristic 
violation found and violation remedied based on heuristic factors. 
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Figure 7.4      Frequency of Violations Based on Heuristic Factor 
 
From the above findings, it is learned that the heuristic problems in DSS can be 
categorized into 3 groups which have been addressed by technical solutions as shown in 
Table 7.19 i.e. Scope, Requirement, User Interface .Looking at the technical solutions, 
most of the problems are due to the aspect of Requirements of the system.  
 
Table 7.19  Technical Solution to Usability Problem 
 
Technical Descriptions Percentage 
Found 
Percentage 
Remedied 
Scope Refer to scope of services offered by DSS 10.34 3.45 
Requirement Refer to the aspect of requirements/specifications of the 
systems 
55.17 55.17 
User Interface Refer to the aspect of user interface design 34.48 34.48 
 
There are 3 problems related to Scope of DSS, yet only 1 of those remedied. Next, 
the Requirement recorded most of the problems with 16 and followed by User Interface 
by 10 problems. These problems were successfully remedied. Figure 7.5 illustrates the 
frequency of finding on the remedy based on technical solution. 
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Figure 7.5      Frequency of Violation based on Technical Solution 
 
The recommendations from evaluators for the DSS prototype design are presented in 
screen shot from the revised prototype in Appendix C6. The next sub section discusses 
the Global Utility Evaluation which asseses the utility and performance of consultDeSS 
from decision makers’s/evaluators’s point of view. 
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7.3.3 Global utility Evaluation 
  
The main purpose of global utility evaluation is to evaluate DSS as a whole in terms of 
utility of the system. As mentioned in Chapter 3, there are 7 utility constructs suitable for 
DSS evaluation including support organizational goals, efficiency, decision making 
satisfaction, system quality, decision making approach, information presentation, and 
information quality. These attributes were included in respondent’s evaluation form as 
part of Face Validation activities. Table 7.20 reports a comparative evaluator’s level of 
satisfaction with consultDeSS in Iteration 1 and Iteration 2. From the result, the technical 
solution applied after Iteration 1 significantly improves the satisfaction level of 
evaluators where none of them choose F or P during the second iteration. Generally, the 
evaluators were satisfied with the overall ease of use, efficiency, and the approach of 
decision making of DSS. 
 
Table 7.20  Comparative Evaluator’s Level of Satisfaction with the Software   
   (values in percentage) 
  
 Iteration 1  Iteration 2 
Global Utility Construct VG G F P  VG G F P 
Support organizational goals 40 40 20 0  40 60 0 0 
Efficiency 20 60 20 0  40 60 0 0 
Decision making Satisfaction 20 40 20 0  60 40 0 0 
System Quality 0 60 40 0  20 80 0 0 
Decision Making Approach 40 60 0 0  40 60 0 0 
Information Presentation 0 60 40 0  0 100 0 0 
Information Quality 20 60 20 0  40 60 0 0 
 
**Legend: VG=Very Good, G=Good, F=Fair, P=Poor 
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7.4 Impact of User’s Recommendation 
User recommendation provides valuable feedback to improve the prototype. The 
feedback affect positively to the design and also the implementation of consultDeSS. The 
subsequent section clarifies the amendment made to fulfil decision maker’s needs. 
 
7.4.1 Impact to Design: Minimize Process Activity 
 
Generally, software design is an iterative process and it is an evolution process until the 
end product is ready for production (Base, 2011). In context of consultDeSS it is also 
similar where iterative process was experienced. This section will revisit the design 
process in Chapter 5 using Tropos. During LR analysis, there were 9 activities (section 
5.5) involved (V1 to V9) in consultant selection process at Malaysian DID (Figure 7.6) 
 
 
Figure 7.6 Late Requirement Analysis in a Network Diagram 
 
Based on feedback from users, activity V2 and V3 were discarded and combined with V1 
(Figure 7.7). This is possible because a module to enable submission of application form 
Applicants to QS department was created in consultDeSS. Thus, Figure 7.8 depicts a 
network diagram of the revisited LR analysis. The anticipated new design of 
consultDeSS indicates that the system is more efficient and could minimize the overall 
processing time taken for consultant selection in the department. 
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Figure 7.7   Revised Late Requirement Analysis in a Network Diagram 
 
  
 
7.4.2 Impact to Implementation: Web Services and Related Technologies 
Initially, the system was designed to cater for basic needs of decision makers based on 
requirement elicitation and design as discussed in Chapter 5. The basic module consists 
of operational, middle and top tier module with basic user interfaces. However, after the 
evaluation of the artefact, it is revealed that user recommendations also impact the 
implementation of the program. As a result, 2 components of technology were utilised to 
improve the artefact, i.e.  Asynchronous JavaScript and XML (Ajax) and Web Services 
Application Programming Interface (API). 
 Ajax is utilised to improve the interactivity and responsiveness of consultDeSS. 
The basic operation of Ajax concentrates on client side (user) where the Ajax engine runs 
on the client. The server (which resides consultDeSS) delivers web content such as 
HTML, Javascipt, etc which is processed by the client-side Ajax engine into revised web 
content. The browser renders the revised HTML content that comes out of the Ajax 
engine. The client-side components involve user interface (UI) logic, such as event 
handlers for UI events. Moreover, there is also client-side data management to manage 
client-server data communications and update user interface elements. By adopting Ajax 
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to consultDeSS, the system becomes faster in terms of data update, responsiveness and 
connection. 
Apart from Ajax, DSS was also redeveloped by utilising web services such as 
Google Doc Web API. The general idea is to read a Google Spreadsheet through PHP 
and save form data submitted by the user to Google Server. The API service includes 
manipulation of spreadsheets such as authentication to Google server, add row, update 
row, get row, delete row, get column name, find rows, etc (Google Developers, 2012). A 
spreadsheet manipulation class was developed to interact with API. In addition Zend 
Gdata was also stored in apache web server to provide PHP client interfaces for the 
Google Data APIs. Zend Gdata is a compilation of interface modules (for interacting with 
API) which are distributed through open source and can be downloaded from Zend 
Framework website at http://framework.zend.com/download/gdata. The spreadsheet class 
and Gdata are used to send request to Google server for authentication to access its 
services and consultDeSS received response in a form of token from the server. As a 
result, the architecture of consultDeSS uses cloud computing concept where the cloud 
services such as Google Doc is used as a backend without the knowledge of decision 
makers. Hence, the abstraction and complexities of decision model is not disclosed. 
The utilisation of Google Docs API and AJAX provides consultDeSS and 
decision makers a quick and easy interface to view the assessment result. This will 
increase reliability and transparency of the selection process. From software developer’s 
point of view, the duration to write the program is also minimised due to the simplicity of 
API web service offered by Google and related technologies. Figure 7.8 exemplifies the 
comparison of previous and current implementation of consultDeSS. The next sub-
section describes the software specification for the revised system. 
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Original Implementation 
 
 
 
 
  
 
 
Revised Implementation 
 
 
  
 
 
 
 
 
Figure 7.8     Comparisons between Original and Revised Implementation 
 
 
7.5 Discussions of the Research 
As technology evolves into new application areas, innovation creates IT artefacts with 
technical capabilities intended to solve known problems uniquely and solved problems 
more efficiently This study can be considered as an applied type of IS research which 
contribute to meet the organizational needs in construction field. In the literature within 
the construction domain, it is rarely to find research that adopts design science as a 
research strategy particularly in developing DSS. This term is only gaining its popularity 
within IS community after the introduction of system development as a valid research 
method by few notable researchers in the last decade (March & Smith, 1995; Nunamaker 
et al., 1991). 
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Design and design theories are central to the information systems discipline 
(Hevner et al., 2004; Walls, Widmeyer & El Sawy, 1992). Walls et al. (1992) explained 
that design theory is a prescriptive theory based on theoretical underpinnings which says 
how a design process can be carried out in a way which is both effective and feasible. 
The design science paradigm stresses design as an approach to create knowledge. Simon 
(1996) explained the importance of design. Studying artificial objects rather than natural 
objects or phenomenon can solve many problems that a behavioural approach cannot 
(Simon, 1996). The term artificial refer to human made interactive system (Simon, 1996). 
Benefits of design theories include providing researchers a basis for making predictions 
about system use and impacts (Markus, Majchrzak & Gasser, 2002).  
 Overall, this study concerns on computing aspect particularly in Requirement 
Engineering which has been withdrawn by many in construction discipline. As a result, 
decision model were unused by decision makers due to difficulties to understand the 
abstraction of the model (Qijia et al., 2005). Based on above premised, the study was 
undertaken to the design, implement and evaluate a DSS according to Requirement 
Engineering approach. Thus this research was initiated to develop a better platform for 
decision making by adopting Design Science Research Methodology (DSRM). 
According to Hevner (2004), DSRM is a problem solving approach which 
centrally focuses on build and evaluate IT artefact. In this research, consultDeSS follows 
DSRM with a mixed of case study method to solve constant selection in public sector 
infrastructure project. Premised by Nunamaker et al (1991), this study attempts fulfils the 
requirement of DSRM by demonstrates the essential requirement design as “proof by 
concept” and the implementation and evaluation of artefact as “proof by demonstration”.  
The achievements of this study are divided into five areas (1) Integrated DSS 
Development Framework, (2) Sufficient Requirement Analysis and Design, (3) Practical 
DSS Artefact, (4) Enhancement of DSS Evaluation and (5) Requirement as Proposal to 
Management. 
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7.5.1 Integrated DSS Development Framework 
Initially, research gaps in requirement engineering in construction were identified and it 
is suggested DSS to follow a good framework by incorporating requirement elicitation, 
analysis, definition, implementation, evaluation and specification. As a result, these 
features were fit into the framework. Till date, there is no study attempt to utilise 
requirement engineering as an approach to design DSS artefact in construction. As a 
result, the vast development of “ad-hoc” DSS in construction became more theoretical 
rather than practical. The evidence of the ill defined DSS design is presented in section 
3.3 (Table 3.2) and also Appendix A1.  For this reason, consultDeSS was developed to 
provide a usable and efficient DSS. A comparison between current decision approach in 
literature and the proposed system was compared and it appears that consultDeSS 
complete most of DSS components as described in Chapter 6. 
 
Table 7.21  Comparison of DSS Development Approach in Current Construction 
Literature and this Research 
 
Requirement Engineering in Decision Support Systems 
Prototyping DSS Evaluation 
 
 
Req. 
Elicitati
on 
 
Req. 
Analysis 
 
Req. 
Def. 
Data 
Mgmt 
Data 
Comm. 
Decision 
Models 
Utility Usability 
Soft. 
Spec 
*1  
 
 
 
  
 
     
*2  
 
 
 
        
 
 
Abbreviations:   Mgmt.= Management; Req. = Requirement; Comm.=Communication Soft.= Software; 
Def.= Definition; Spec.= Specifications. 
Legends:              = Thorough process execution;           = Ad-hoc process integration 
 
     *1 = Current DSS development approach in Construction Literature 
    *2 = DSS development approach in this study 
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7.5.2 Sufficient Requirement Analysis and Design 
A focused and detailed requirement elicitation and analysis is critical to the success of 
any software project development. In Construction literature, the ill-defined of DSS 
requirement contributes to incomplete system. For instance, studies from Dey (2006) and 
Tham et al. (2006) evidence that system requirement were sufficiently accomplished 
particularly to formulate decision model.  Thus, this research attempts to adopt a new 
approach to design DSS. Figure 7.9 illustrates the framework of requirement gathering 
and analysis to develop DSS. The below approach is applicable to any DSS development 
in any field. It consist of two main parts i.e. requirement elicitation and requirement 
analysis. 
 
 
Figure 7.9 A New Approach for DSS Requirement Analysis by Adopting Tropos 
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Based on premised set by Giorgini et al. (2008), the requirement elicitation may consist 
of organisational, user and decision. These requirements can be gathered systematically 
by using worksheet method.  However, Giorgini et al. (2008) work’s does not involve 
any construction related or MCDA type of problem. In addition, goal based technique 
were used instead of Tropos. According to Garzetti (2002), Tropos is considered as an 
efficient approach to design software which involves early requirement and late 
requirement. Thus, Tropos is adapted in Requirement Analysis phase as in Figure 7.12. 
Till date, there is no other research attempt to design a DSS in construction literature by 
using requirement analysis or Tropos. 
In this research, consultDeSS has managed to perform sufficient requirement 
analysis and design by following Tropos method. As suggest by Tsui and Karam (2007), 
each dimension of requirement such as business flow, user interface, data and 
information needed, system with other interface, individual functionality and other 
constraint were collected. The requirement gathering has resulted to model the 
organisation, user and decision used in the department. Raw data has been analysed under 
Tropos technique and designed to match with the real world application similar to 
scenario in current practice (Case Study 1), with extra features such as data manipulation, 
decision model with uncertainty using computer application, etc. Unlike other studies in 
construction literature, this research expand from data collection to software design 
which will benefit IT artefact in many ways. For an instance, at the end of the design 
phase, this study managed to discard two process activities due to the use of DSS. Thus, 
this will minimise processing time for selection process in the organisation. 
Software development projects is an exploratory, developmental activity of 
helping users figure out what they want and recording the same for further use in the 
subsequent phases of development. The design process takes into account their needs and 
expectations. However, user participation approach during the design phase posed 
drawbacks on two aspects:  
i) Problem of scope 
During data collection (interview), the requirement gathered may address too little 
or too much information which are incomplete or unnecessary. Thus, the 
requirements may be unusable because they do not reflect true user needs. 
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ii) Problem of understanding  
During interview, respondent might not have clear understanding of their needs 
To overcome the problem, the following measures were taken: 
i) Filter information 
Discard unnecessary information or out of scope 
ii) Prototyping 
Perform paper based prototyping by drawing a design of user interface to 
encourage user give useful information 
 
By conducting the above steps, the validity of the design is intact and users become more 
aware about their requirement and knowledgeable about the system. Van Laamsverde 
(2000) argued that incomplete requirement might lead to unsuccessful system.  Thus, the 
design stage is important as it provides “proof-by-concept” which underlined the verified 
blueprint of overall system. 
 
7.5.3 Practical DSS Artefact 
Generally, human judgement is vague in nature. According to Lu et al. (2007), human 
thinking is unstructured and often constitute with biases. Thus, Zadeh (1965) introduced 
the concept of fuzzy logic to handle the vagueness of decision making. It is generally 
viewed as mathematical theory, which considers the notions such as very, a few, most, 
etc. Modern computer languages and decision analysis programs rely on classic 
mathematics and statistics that allow only for precise true or false statements (Base, 
2011; Lu et al., 2007; Turban et al., 2005). This concept is evidenced in binary 
programming and the never-ending data streams of 1’s and 0’s (Whitten & Bentley, 
2006). However, in cases where a statement may be both true and false at the same time, 
fuzzy logic can be utilized as a tool to solve decision problem particularly for consultant 
selection. 
Unlike other research to solve multi criteria in construction, most studies often 
overlooked the importance of vagueness and fuzzy in their decision model for consultant 
selection (Al-Besher, 1998; Cheung et al., 2002; Department of Public Works 
(Queensland State Government), 2008; DID Malaysia, 2008, 2009; Hattan & Nazir, 
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1997). Fuzzy concept is more precise compare to crisp data as it reflect human thinking 
(Iraj Mahdavi, Mahdavi-Amiri, Heidarzade & Rahele, 2008). By these reasons, 
consultDeSS is built based upon fuzzy input that mimics human language. The tool is 
ideal to capture the linguistic variable for the weight and rating of consultants. TOPSIS 
was chosen as decision model due to the robustness of its abstraction to support more 
attributes and alternatives. There is no other research in the areas that consider TOPSIS 
for consultant selection. Hence, a modified Fuzzy TOPSIS was developed specifically to 
support two-enveloped selection type as in section 6.3.3. The model is also capable to 
support group decision whereas similar studies were lacking these features (Al-Besher, 
1998; Hattan & Nazir, 1997)  
Other deficiency in construction literature is the lacking of interactive or web 
based DSS. At the moment, there is no study in available literature that attempts to fully 
develop their decision model to be a complete DSS. For instance, the work from Cheung 
(2002) and Chow (2007) only focused on decision model and no further development 
was taken thereafter. Table 7.22 shows the comparison of DSS features in terms of Data 
Management, Decision Model and Data Communication for CSP. The table indicates that 
both literature and case study only feature in decision model whereas consultDeSS 
explores in other components in DSS. Thus, this indicates that consultDeSS offers a more 
practical sound implementation. 
 
Table 7.22 Comparison of DSS in Literature, Case Study and consultDeSS to Support CSP 
 
 
Legend: A= Literature Review in Construction Discipline, B= Case Study 1 at Malaysian DID, C= 
consultDeSS application 
DSS Component Features A B C 
Database Schematic and Design    
Database / Relational Database    
Search facilities and Querying    
Data Management 
Interactive User Interface for Database    
Decision Model artefact    
Group Decision Support    
Supporting fuzzy environment    
Decision model customization    
Multilevel Decision Support    
Decision Model 
Interactive User Interface for Decision Model    
Web based Group decision support    Data 
Communication Interactive User Interface for Data Communication    
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A few modules are developed such as operational, middle, and top tier module. It 
is also developed by utilising web based system and data management. The system is 
capable to handle decision making under uncertainty and ability to customise set of 
criteria during technical assessment. This feature is purposely designed to minimise 
conflict within group where each member defines their own set of criteria.  By the 
inclusion of IT technology into decision model, consultDeSS exhibit to be more usable, 
efficient and practical compare to other DSS tools developed particularly for consultant 
selection in construction discipline (Al-Besher, 1998; Cheung et al., 2002; Chow & Ng, 
2007). For instance, a study from Cheung et al. (2002) only concentrates on decision 
model. Similarly, Chow and Ng (2002) also focusing on consultant selection yet the 
study emphasize substantially to model building. Thus, consultDeSS appears to be 
superior in terms of practicality and ease of use. Nevertheless, challenges exist during 
implementation phase where; 
i) Missing or unavailable data 
 During this stage some data regarding consultant’s profile were not available 
ii) Implementation depends on third party support 
Software implementation depends on web server on another location. The third 
party control the platform and any changes made to the server will affect the 
program stability. 
To overcome the problem, the following measures were taken: 
i) Omit the missing data 
The simplest step taken is just to ignore the small percent of missing data while 
maintaining other essential data available particularly the project case under 
assessment. Considering that the schematic data is well defined, the missing data 
does not affect the reliability of the system.  
ii) Redesign the system and use localhost 
 System was redesign and placed under Apache local-host web-server 
At the moment, none in the literature attempt to fully developed DSS to solved CSP. The 
accomplishment of the implementation of consultDeSS serves as “proof-by-
demonstration” which is vital to answer the second research question. 
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7.5.4 Enhanced DSS Evaluation Framework 
Theoretically, the evaluation framework presented in this research in Figure 4.6 is based 
on DSRM as proposed by Vaishnavi (2007). It is valid in terms of research rigour 
(Vaishnavi & Kuechler, 2007). In addition, it also allows iterative feedback which can 
improve one component to another. Thus, it provides a well defined platform for DSS 
evaluation. The framework is also applicable to any DSS application involving MCDA. 
The evaluation result shown that the system is valid and well accepted. 
Unlike other research in literature, MCDA type of study only attempts to evaluate 
by validating its decision model without assessing its usability (Gungor et al., 2009; 
Kahraman et al., 2003). This research applies, validate and evaluate its usability by using 
real case projects involving irrigation and drainage. The DSS evaluation framework 
consists of two main components i.e. Sub-system Validation and Face Validation. Unlike 
other research in literature, the approach taken in this study evaluates its utility and 
usability. The framework provides a basis of DSS evaluation that is currently lacking in 
literature particularly for consultant selection problem in construction literature (Gungor 
et al., 2009; Shapira & Goldenberg, 2005). The evaluation of DSS indicates that 
consultDeSS posses; 
• Theoretically valid in terms of its sub-system and where the decision approach 
was developed produce similar ranking result. Overall the approach was more 
than capable to handle decision making in the department. In addition fuzzy 
TOPSIS is applicable for decision making in the department 
• Practically usable in terms of usage. Heuristic violation were minimized and the 
frequency of remedied were maximized in each iterations. 
• The levels of satisfactions in terms of prototype performance, quality and decision 
approach were significantly improved after the revision. 
• Minimise overall processing time of consultant prequalification. 
On the other hand, challenges exist during evaluation phase where the findings are: 
i) problems of volatility 
changing nature of requirements from decision makers  
ii)  heuristic evaluation might be lack of depth 
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the recommendation on user interface might be more critical by hiring heuristic 
experts 
Both of the above challenges are typical in any software development involving 
prototype. In terms of volatility, there is nothing a researcher can do except an iteratively 
design the prototype due to the nature of human demands. The significant of problems as 
highlighted by end users in terms of scope and requirement is more vital compare to 
cosmetic user interface problem. Therefore, the second issue does not affect the validity 
and reliability of consultDeSS evaluation.  
 The tool is more usable and efficient compare to previous study in construction 
(Al-Besher, 1998). Thus, this research has demonstrated a purposeful artefact with a 
practical and valid structured development approach that is applicable in a variety multi 
criteria problem in construction discipline. The accomplishment of DSS evaluation 
proved that the system outcome was more usable, effective and provide efficient decision 
making. This had answered the third research question and served as “proof- by-
demonstration” 
 
7.5.5 Requirement as Proposal to Management 
The revised DSS in section 7.4 utilised contemporary IT technology such as Web Based 
GDSS, Ajax and Google Web Services (Cloud Computing). It is important as they are 
capable to encapsulate the complexities of decision models in DSS and most studies 
omitted those features in the literature. The result in case study 2 shows that the decision 
model was valid and the DSS itself is efficient and well accepted by decision makers. 
Thus, the decision model is usable and ready to be proposed to management for 
consideration of full system implementation in their department. According to Tsui & 
Karam (2007), software specification is vital element to be part of the proposal. 
  Software specification can be drawn from the revised system from section 7.4 
which focuses on the internal part of consultDeSS. Two diagrams are used to illustrates 
the software specification i.e. sequence and use case diagram. Sequence diagram  shows 
the interaction  of how processes operate with one another and in what order (Bell, 2003). 
From Figure 7.10, there are 12 tasks in consultDeSS. The process starts after the user 
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logged on to the system and selects the selection decision type. The Fuzzy TOPSIS is 
performed thereafter and the procedure differs between single user and group decision 
making. At the end of the assessment, the result is returned to the QS department for 
processing. It is identified that the main task in the program is not much different from 
the previous design except that this version enable user applicant to complete application 
to request for consultant services from QS department.  Instead of only the internal part, 
it is also essential to observe how the interaction between the internal system with the 
external environment. Use case diagram can be used to depict this situation. 
 
Figure 7.10  Sequence Diagram Showing Related Internal Task in consultDeSS 
 
Pooley (2004) defines that the use case underlines the interaction between an 
actor and a system to a achieve goal. The actor can be human or an external system.  
Figure 7.11 represents the use case diagram for consultDeSS. There are 8 use cases such 
available where each of those is associated with actors such as applicant, technical 
committee and QS department. During the requirement elicitation and analysis phase, QS 
department was not considered to be included to use the system. Yet, the 
recommendation from evaluators suggests that at least they should be included to retrieve 
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application form from applicants. A sample of requirement specification documentation 
is shown in Appendix D1. Each of the use case is described in terms of constraints, the 
flows, relationships, etc. The format of the specification is based on IEEE (1998) 
recommendation.  
 
 
 
Figure 7.11  Use Case Diagram in consultDeSS 
 
The design of DSS in Figure 7.10 and 7.11 is well suit to solve consultant selection in 
many countries that adopting two-envelop system. Only minor changes in the data 
(attributes, alternatives, etc.) or information might be needed to support the application in 
different countries. The system is flexible enough to handle these changes as it use 
database to store the related data. However, the basic idea to design, develop and 
evaluates DSS are applicable for wider area of construction applications such as 
contractor selection, project selection, supplier selection, etc. Figure 7.12 describes a new 
platform for overall DSS development. The approach in this research can be considered 
as universal where it is suitable to any DSS development in construction related problem 
particularly involving MCDA. 
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Figure 7.12 A New Platform for Developing Decision Support System for  
 Construction Related Problems  
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Other related issues that need to be consider after the full implementation are as follows: 
i) change to current practice 
ii) user training to use the system 
iii) Employ personnel for maintenance 
 
 
 
7.6 Chapter Summary 
This chapter presents the findings of consultDeSS evaluation in terms of Subsystem 
Validation and Face Validation. In additions, the chapter further discuss and interpret the 
result from previous research activities. From practical point of view, an “ideal” or 
“optimal” artefact was developed to cater decision maker’s needs and increased 
efficiency and effectiveness of decision making in an organisation. On the other hand, it 
also solves the theoretical aspect of DSS development in construction area by providing a 
structured approach to design DSS.  
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"Nothing is more difficult, and therefore more precious, than to be able to decide. " 
Napoleon Bonaparte 
 
 
 
Chapter 8: Conclusion 
 
 
 
 
 
 
8.1 Introduction 
Generally, aided and efficient decision making in planning is vital towards successful 
completion of infrastructure project. A number of reports in Malaysia indicate that poor 
workmanship and delay were resulted from inefficiency of consultant selection process 
(Asian Development Bank, 2011; Mohamad, 2004; Sahat, 2009). The use of IT such as 
DSS an enabler for decision making process particularly for consultant selection problem 
is proposed. DSS namely consultDeSS is designed to cater the deficiencies in most 
studies in construction area as identified in section 3.3 where highly abstracted decision 
models were found to be unused by decision makers due to its complexities to 
understand. Driven by the aforementioned premise, this research aims to develop a 
software specifications of DSS to select an appropriate consultant for public sector 
infrastructure project by achieving the following three research objectives; 
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• Objective 1: perform a sufficient software requirement analysis and design of 
DSS. 
• Objective 2: develop a practical prototype of DSS for CSP. 
• Objective 3: establish DSS evaluation framework to assess usability. 
 
This chapter concludes the achievement of the research. A summary of work performed 
to complete the thesis is presented in section 8.2. The primary findings discovered as a 
result of this research effort will be provided in section 8.3. Conclusions is provided in 
section 8.4 and followed by Contributions to the body of knowledge in section 8.5. 
Recommendation for future research in section 8.6 and the chapter ends with a summary 
in section 8.7. 
 
8.2 Summary of Work Performed 
The research conducted lies between the area of Construction Project Management and 
Information System. Thus, the work completed are the mixture between these two areas.  
A summary of work performed in this thesis is as follows: 
 
1. Identification of research gaps for Requirement Engineering in Construction 
Project Management discipline. 
 A review in literature shows some deficiencies in Requirement Engineering 
within the area of Construction Project Management and Decision Support 
System. Consequently, the majority of decision support application in 
Construction largely neglected the elements of Requirement Engineering in their 
research. It is revealed that heavy emphasis is placed on developing mathematical 
decision models and discard the element of usability.  
2. Explain the state-of-art of Requirement Engineering and its solution to current 
problem. 
 The six process of Requirement Engineering are thoroughly discussed and relates 
to CSP. As a result, a new and enhanced component of Decision Support System 
implementation for CSP is illustrated and compared to current model in literature. 
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3. Case Study 1: Performed Requirement Elicitation by identifying three broad 
contexts of requirement i.e. organizational, user and decision model. 
 The purpose of this case study is to investigate DSS requirements in terms of 
organisational, user and decision at Malaysian DID particularly for CSP. The data 
used in this research were mainly collected through different sources such as 
semi-structured interviews, department’s procedure documents, government 
circular and letter of instructions, manuals and websites. 
4. Case Study 1: Analyse Requirement and system design by using Tropos technique. 
 System requirement is divided into organizational, user and decision. These were 
gathered into worksheet and later converted into Tropos technique to design the 
DSS. Subsystems of DSS were introduced and redundancy was removed. Thus, 
this will reduce overall time taken for prequalification. 
5. Develop Fuzzy TOPSIS for consultant selection for two-enveloped system. 
 A DSS that utilized a Modified Fuzzy TOPSIS as decision model was developed 
to support two-enveloped system for CSP under uncertainty environment. There 
are two major step involved i.e. (1) evaluate technical assessment and (2) 
integration of technical and fee.  
6. Implement Web based DSS which involves few components such as data 
management, operational, middle and top tier module. 
 A web based DSS for single and group decision are implemented to cater middle 
and top tier decision making. In addition, a number of additional DSS features are 
included such as flexible decision making and database. 
7. Case Study 2: Performed Sub-system validation to validate Fuzzy TOPSIS 
decision model through user input. 
 In Case study 2, the DSS was validate using sub-system validation and face 
validation. In sub-system validation, the arithmetic of decision model result from 
DSS in middle tier and top tier module are presented and compared with current 
practice.  
8. Case Study 2: Performed Heuristic and Global Utility Evaluation in Face 
Validation to asses utility and usability. 
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 In Face Validation, heuristic evaluation and global utility evaluation were 
performed. This steps evaluates how good the prototype was implemented in 
terms of usability and overall utility. 
9. Identify software specification based on user recommendation. 
 The consultDeSS software specification is defined and presented based on user 
recommendation. It is useful as a guidelines or proposal for organisation to 
developed a fully functional decision support in their current practice. 
 
8.3 Findings 
Based on the research completed and documented in this thesis, the following findings 
were discovered in regard to each of the three primary objectives of this research effort: 
• Research Objective 1: Perform a sufficient software requirement analysis and 
design of DSS . 
Based on literature review, the Construction Project Management domain reveal 
some deficiencies in in design, development and evaluation of DSS. Most design 
of DSS in Construction Management are ill-defiined and often to be ad-hoc 
design. Therefore, there is a needs to follow good practice of DSS implementation 
to foster better perception of DSS reliability, utility and its usability. The body of 
knowledge also shows lack of software requirement analysis and design 
particularly for CSP. Thus, this research demonstrate the state-of-art of 
Requirement Engineering technique to design consultDeSS for CSP. Raw data 
were collected by interviews and documental analysis. Through requirement 
elicitation activity, three broad DSS requirements were gathered i.e. 
organizational, user and decision model. As a result, the design in Tropos offered 
efficient features compared to current practice (in Case Study 1) with the 
introduction of DSS. In addition, selection process activity is possible to be 
reduced by the introduction of DSS and this may reduced overall processing time. 
Thus, the design and analysis perform in Chapter 5 is sufficient towards better 
DSS development. This helped to achieve the first research objective to perform 
sufficient software requirement analysis and design particularly for CSP. 
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• Research Objective 2: develop a practical prototype of DSS for CSP. 
The lack of the usable DSS prototype motivates the deveoplement of DSS 
particularly for CSP, Driven by the identified gaps (in Chapter 3) and enhanced 
components in DSS, consultDeSS was design to efficiently assist consultant 
selection.  consultDeSS offer advanced features such as search facilities, data 
management, decision model under uncertainty i.e. Fuzzy TOPSIS., support two-
envelop system consultant selection type, handle customization of user defined 
decision criteria and web-based system to support single and group decision. In 
comparison with similar DSS implementation in the area, the DSS offer rich 
features compare to literature and current practice in Case Study 1. Therefore, the 
development of DSS achieved the second research objective i.e. to develop a 
practical prototype of DSS for CSP. 
 
• Research Objective 3: establish DSS evaluation framework to assess usability. 
The body of knowledge shows standard DSS evaluation framework is 
incomplete, where most research in Construction Management were largely 
neglected the element of usability in their DSS evaluation. Therefore, it is useful 
to conduct appropriate evaluation framework vy integrating the element of 
usability and utility. This research demonstrates an iterative process of DSS 
evaluation consisting of Sub-System Validation and Face Validation. It is 
identified that decision model (Fuzzy TOPSIS) is valid in terms of its logic. 
Heuristic violation were minimized and the frequency of remedied were 
maximized in each  iterations development. The levels of satisfactions in terms of 
prototype performance, quality and decision approach were significantly 
improved after the revision. The revised system impact the design (in Objective 1) 
where it is possible to minimize overall processing time by reducing and 
integrating some of the activities. The revised system impact the implementation 
(in Objective 2) by the enhancement of user interface and utilization of Google 
web services. Thus, the accomplishment of DSS evaluation accomplish the third 
research objective i.e. establish DSS evaluation framework to assess usability. 
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8.4 Conclusions 
Based on the research completed and documented in this thesis, the following general 
conclusions are presented in regard to each of the three primary objectives of this 
research effort: 
• Research Objective 1: Perform a sufficient software requirement analysis and 
design of DSS . 
Based on the findings, it is proven that Requirement Elicitation and Analysis 
provide sufficient technique  to design a DSS particularly in CSP. The approach is 
not only limited for CSP, but promising to be adopted in other decision support 
related problem. In addition, Requirement Engineering approach may also shorten 
software development life cycle and provide an easy way to design a complex 
DSS. 
 
• Research Objective 2: Develop a practical prototype of DSS for CSP. 
The implemented DSS is robust with more functional to support single and group 
decision making for consultant selection. In addition, the implemented DSS is 
flexible enough to entertain variety of human decision preferences and 
uncertainty. The implemented DSS is user friendly and intuitive. Driven by rich 
features, the develop prototype is more practical compare to what have been done 
in literature and current practice. 
 
• Research Objective 3: Establish DSS evaluation framework to assess usability. 
Based on the findings, it appears that DSS is valid, reliable and more efficient 
compare to current practice in case study. User feedback indicates that the 
implemented DSS is acceptable and satisfiable in terms of its utility and usability. 
Furthermore, it is identified that iterative user feedback indirectly improves the 
design and implementation of the system. Thus, by engaging user participation in 
design and evaluation process can improved the DSS in terms of its design, 
development and overall system architecture. 
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8.5 Contribution to the Body of Knowledge 
The research completed and documented in this thesis makes the following contributions 
to the existing body of knowledge. 
• Comprehensive literature review 
The literature review provided in this dissertation represents a significant 
contribution to the existing body of knowledge. The problem is rooted from 
decision making application in construction project management area and DSS is 
identified as a method to solve the problem. Deficiencies of DSS in construction 
are revealed and outlined. The literature review continue to expounds upon 
existing knowledge research to provide the necessary conceptual background to 
developed a structured approach to design, implement and evaluate DSS for CSP. 
• Structured approach for DSS design in construction project management 
The design of consultDeSS follows a structured approach in requirement 
engineering by analysing and extending the requirements to be a software design. 
The current practice is analysed before designing system-to-be provides an 
effective way to design compare other ill-structured approach in most studies in 
construction. Therefore, the design appears to be significant approach to study the 
direction of the system to match with real practice. 
• Supporting Uncertainty Environment, Group Decision Making and Decision 
Making Customization 
The decision model developed is more advanced where it can support group 
decision making under uncertainty environment. In addition, the flexibility to 
customize preferred attributes is useful to cater individual interest and in order to 
avoid conflict within team member. 
• Contemporary and Practical DSS Implementation 
The DSS artefact developed is unique in terms of its features. By leveraging 
recent technologies such as cloud computing, the system appears to be more 
flexible, intuitive, responsive and user friendly. Thus, it is practical for the use in 
the real world application to meet user needs and expectation. 
 
 
A Structured and Practical Approach in Development of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
 
204
• Structured and Practically sound DSS evaluation framework 
Unlike other study in construction, the evaluation framework differs by offering a 
unique DSS evaluation framework by validate its utility and usability. This 
approach allows researcher to asses how good the system was developed in a real 
world application with the participation of end users. Hence, the approach 
provides a significant feedback towards DSS artefact improvement. 
• Integration of Cloud Computing Technology to MCDA type of Problem 
Cloud Computing technology such as Google Web Services and AJAX are useful 
tools to support MCDA type of problem. Google Doc API is a powerful tool to 
provide transparent and efficient decision making. In addition, this can reduced 
development time due to simplicity offered by web services. 
 
 
8.6  Recommendation for Future Research 
In recognition of the research presented, the following recommendations regarding future 
research are presented:  
1. Instead of two-enveloped system, consultDeSS could be enhanced by supporting 
multiple consultant selection method which can be done phase by phase.  
2. The search facilities in data management could be enhance by implementing a 
recommender system that which can automatically recommend prospective 
consultant’s candidate to the decision maker based on user preferences. 
3. Multiple development of MCDM technique such as AHP, ANP, Simple Additive 
Weighting (SAW), etc may offer a wide exploration of result during subsystem 
evaluation. This has not been done in this study due to different focus of the 
research. It might be suitable for a theoretical research in MCDM. 
4. Considering that current consultDeSS utilize cloud computing technology, hence 
it is possible to develop a system that supported mobile computing on Tablet PC 
and smart phones.  
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APPENDIX A1 
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2002b) 
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Adoption of IS Software Development Techniques and its Enabling Technologies 
 
Software Requirement 
Analysis 
Prototyping DSS Evaluation 
 
 
Project 
Management 
Phase 
 
 
Research 
Descriptions 
Conceptual 
model 
Decision 
model 
 
Software 
Requirement 
Definition 
 
Data Mgmt Data 
Comm. 
Utility Usability 
 
Software 
Specifications 
 
 
 
Author(s) 
Planning Decision 
Model to 
select 
appropriate 
project 
delivery 
 AHP       (Al Khalil, 
2002) 
Planning Group DSS 
for supplier 
selection 
 Fuzzy AHP 
for Group 
decision 
making 
      (Kahraman et 
al., 2003) 
Planning  Decision 
model for 
contractor 
selection 
 ANP       (Cheng & Li, 
2004) 
Planning Decision 
model for 
project 
selection 
 ANP       (Cheng & Li, 
2005) 
Planning DSS for 
project 
evaluation 
and selection 
 AHP       (Dey, 2006) 
Planning  Selection of 
equipment 
for 
construction 
projects 
 
 
 AHP  spreadsheet  Evaluation 
of decision 
quality 
  (Shapira & 
Goldenberg, 
2005) 
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Adoption of IS Software Development Techniques and its Enabling Technologies 
 
Software Requirement 
Analysis 
Prototyping DSS Evaluation 
 
 
Project 
Management 
Phase 
 
 
Research 
Descriptions 
Conceptual 
model 
Decision 
model 
 
Software 
Requirement 
Definition 
 
Data Mgmt Data 
Comm. 
Utility Usability 
 
Software 
Specifications 
 
 
 
Author(s) 
Planning GDSS to 
support value 
management 
workshops 
 Weighted 
Evaluation 
Technique 
(WET) 
 Database Web Based 
GDSS 
Evaluation 
of Quality 
of Ideas 
  (Shichao et al., 
2008) 
Planning DSS for best 
value bid 
(BVB) 
 Integration of 
AHP and GA 
   Evaluation 
on decision 
quality 
  (Lin et al., 
2008) 
Planning DSS for 
personnel 
selection 
 Fuzzy AHP  Static Data 
Input and 
Output 
Stand 
Alone 
System 
   (Gungor et al., 
2009) 
Design DSS for 
design 
problem in 
construction 
 Non 
Structural 
Fuzzy 
      (Tam et al., 
2006) 
Design A 
development 
of generic 
DSS model 
for 
construction 
management 
 TOPSIS  Database     (Sarka et al., 
2008) 
Procurement Development 
of DSS for 
building 
project 
procurement 
 
 
 
 Knowledge-
Base ANN 
 Knowledge 
Base 
Stand 
Alone 
System 
   (Kumaraswamy 
& Dissanayaka, 
2001) 
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Adoption of IS Software Development Techniques and its Enabling Technologies 
 
Software Requirement 
Analysis 
Prototyping DSS Evaluation 
 
 
Project 
Management 
Phase 
 
 
Research 
Descriptions 
Conceptual 
model 
Decision 
model 
 
Software 
Requirement 
Definition 
 
Data Mgmt Data 
Comm. 
Utility Usability 
 
Software 
Specifications 
 
 
 
Author(s) 
Operation & 
Maintenance 
Preservation 
for civil 
infrastructure 
DSS 
 Knowledge 
Graph 
 Database   Stand 
Alone 
System 
Evaluation 
of 
identified 
treatment 
and 
conditions 
  (Shen & Grivas, 
1996) 
Operation & 
Maintenance 
DSS for 
Efficient 
Irrigation 
 Model 
Programming 
 Database Stand 
Alone 
System 
   (Oad et al., 
2009) 
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APPENDIX B1   
 
Invitation Letter for Semi Structured Interview (English Version) 
 
Invitation for Interview Participation 
Development of Decision Support System (DSS) For Consultant 
Selection 
 
 
To Whom It May Concern 
 
Dear Sir/Madam, 
 
I am doctoral candidate in the Faculty of Built Environment & Engineering, Queensland 
University of Technology (QUT), Australia. My research aims to develop a DSS for 
consultant selection. It focus on public infrastructure development particularly irrigation 
and drainage project in Malaysia. This project might benefit your organisation where a 
software prototype will be developed to assist decision maker to select consultant.  
 
I am looking for expertise such as department director, division head, district engineer, 
and quantity surveyor officer that has previously involved in consultant selection. If you 
agree, please email me mfaizal.omar@gmail.com. We can arrange the day and time that 
suit to your schedule to conduct this interview. It will take around 20-30 minutes to 
complete a session 
 
Your relevance experience and expertise in consultant selection is valuable and you’re 
invited to participate in this interview. The purpose to perform this interview is to 
understand the need and requirement for consultant selection process from stakeholder’s 
point of view.  The opinion and data collected will be confidential without mentioning to 
specific person.  
 
Should you have any questions regarding this research, feel free to contact me or my 
supervisor Assoc. Prof. Bambang Trigunarsyah at bambang.trigunarsyah@qut.edu.au 
 
Your cooperation and contribution for this research is mostly appreciate.  
 
Yours Sincerely, 
 
Mohd. Faizal Bin Omar, 
PhD Candidate, 
School of Urban Development, 
Faculty of Built Environment & Engineering 
Queensland University of Technology, Australia. 
 
Tel: + 61404316384 
Email: mfaizal.omar@gmail.com 
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Invitation Letter for Semi Structured Interview 
(Malay Language Version) 
Pelawaan Untuk Menyertai Sessi Temuduga bagi Kajian 
“Pembangunan Sistem Sokongan Pemutusan (SSP) untuk Pemilihan 
Perunding” 
 
 
Kepada Sesiapa Yang Berkenaan, 
 
Dato/Dr/Ir/Tuan/Puan, 
 
Saya seperti nama di atas adalah pelajar kedoktoran di Faculty of Built Environment & 
Engineering, Queensland University of Technology (QUT), Australia. Kajian ini adalah 
bertujuan untuk membangunkan suatu SSP untuk pemilihan perunding. Ia juga 
memfokuskan kepada projek pembangunan fizikal di Jabatan Pengairan dan Saliran di 
Malaysia. Hasil penemuan kajian ini akan memberi impak secara langsung di mana ia 
akan membantu organisasi dalam membuat keputusan pemilihan calon perunding. 
 
Di sini, saya ingin mencari kepakaran di dalam organisasi yang pernah terlibat dalam 
proses pemilihan seperti Ketua Pengarah, Ketua Bahagian, Jurutera Daerah, dan Juruukur 
Bahan. Jika Dato/Dr/Ir/Tuan/Puan bersetuju, sila emelkan kepada saya di 
mfaizal.omar@gmail.com dan saya akan aturkan masa yg sesuai dengan jadual 
Dato/Dr/Ir/Tuan/Puan. Sesi temuduga ini akan hanya mengambil masa selama 20-30 
minit. 
 
Kepakaran dan pengalaman Dato/Dr/Ir/Tuan/Puan dalam pemilihan perunding amatlah 
berharga dan sangat diperlukan dalam kajian ini. Tujuan proses temuduga ini adalah 
untuk memahami kehendak dan keperluan untuk proses pemilihan perunding dalam 
organisasi. Segala pandangan dan data yang dikutip adalah sulit dan tidak akan 
didedahkan  
 
Jika Dato/Dr/Ir/Tuan/Puan mempunyai sebarang persoalan mengenai kajian ini, bolehlah 
berhubung dengan saya atau emel penyelia saya Prof. Madya Dr. Bambang Trigunarsyah 
di bambang.trigunarsyah@qut.edu.au. Segala kerjasama dan maklumbalas dari pihak 
Dato/Dr/Ir/Tuan/Puan adalah sangat dihargai. Sekian, terima kasih. 
 
 
Yang Benar, 
 
Mohd. Faizal Bin Omar, 
PhD Candidate, 
School of Urban Development, 
Faculty of Built Environment & Engineering 
Queensland University of Technology, Australia. 
Tel: + 61404316384 
Email: mfaizal.omar@gmail.com 
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APPENDIX B2 
 
Sample interview question for organizational settings for consultant selection process 
 
Questions Dimension of Requirement 
What is your age? Demographic information 
What is your gender? Demographic information 
What is your job title? Demographic information 
How long have you been in this job? Demographic information 
How long have you been in this organization? Demographic information 
Who are the stakeholders in consultant selection? Individual Functionality 
What is each stakeholder’s responsibility? Individual Functionality 
What is the current practice of consultant selection? Business Flow 
How does consultant selection process begins? Business Flow 
What types of Project need consultant involvement? Data, Format and Information 
Needs 
What is the criterions use in the selection? Data, Format and Information 
Needs 
What are data related to consultant details? Data, Format and Information 
Needs 
Is there any system related to consultant selection in 
your organization? 
System with other interfaces 
Is there any problems regarding with current practice in 
your organization? If there is any, please explain why? 
Other 
 
 
Sample of interview questions for user modelling 
 
Question related to computer assisted consultant 
selection 
Purpose of Question 
What do you need from the system? User needs and expectations 
How do you expect to accomplish your task using 
the system? 
User needs and expectations 
What sort of things do you might use for? User goals and tasks 
What experience do you have in using decision 
making assisted software? 
Existing Knowledge and skills 
How did you accomplish consultant selection task 
at present? 
Existing Knowledge and skills 
Do you familiar with web based system to complete 
your everyday task? 
Existing Knowledge and skills 
Do you familiar with desktop application to 
complete your everyday task? 
Existing Knowledge and skills 
Have you experienced with any discomfort with 
icons, language or colors with any web based 
system? 
 
Cultural factors 
Which language do you prefer?  Cultural factors 
Is the current manual system easy to use? Existing experience 
Is the current system (manual or computerised) 
easy to remember? 
Existing experience 
What are standard criteria that you use for 
consultant selection 
Existing experience 
Is the current system always gives accurate decision 
(in term of correctness)? 
Existing experience 
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Do you feel efficient using the current system? Existing experience 
Have you experienced with any error in the 
calculation of consultant ranking using the current 
system? 
Existing experience 
Do you satisfied with current system? If not, any 
suggestion? 
Existing experience 
Which font do you prefer to read online? Physical attributes 
Do you have any other comments Attitude Information 
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APPENDIX B3 
 
Sample of Questionnaire to Determine Selection Criteria 
 
 
A Structured and Practical Approach in Design, Development and 
Evaluation of Decision Support System for  
Consultant Selection in Public Sector Infrastructure Project 
 
 
 
Background: Recent trend revealed that most DSS in construction only concentrated in 
decision model development. These models were impractical and unused as it is 
complicated or difficult for laymen such as project managers to utilize. Besides, the lack 
of software specifications for DSS is identified to be the main problem that contributes to 
this highly complex decision model. This scenario is also inherited to Consultant 
Selection Problem. It is important to develop software specifications that can encapsulate 
the abstraction of decision models. Thus, this research aims to develop Decision Support 
System (DSS) that enable project managers particularly in public sector to select 
appropriate consultants. It will benefit organisation in terms of efficiency, reliability and 
effectiveness of in decision making process. 
 
 
Objectives:  This questionnaire aims to identify necessary criterions used during 
consultant selection process. 
 
Private and Confidential: All responses will be kept strictly confidential and will only 
be used for research purposes. 
 
Estimated Time Frame: Please take approximately 5 – 10 minutes to complete the form 
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1. Please choose the consultant selection criterions that match with organisation and 
your own interest. 
 
Selection Criteria Please write “X” for the selected 
criteria 
firm’s qualification  
experience in the same project  
general experience  
knowledge on project location  
integrity  
management capability  
former client’s recommendation   
awards  
rotation basis  
Past Performance  
Expertise  
Methodology in general  
Proposal content  
technical competence  
equipment and facilities  
work schedule  
suitability of organizational chart  
proposal presentation  
current workload  
projected workload  
Staff qualification  
management staff competency  
key personnel competency  
local staff competency  
Financial Stability  
Consultant Fee  
 
2. Please suggest any other criteria that were not listed above which relevant to the 
department (if any) 
________________________________________________________________________ 
________________________________________________________________________ 
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APPENDIX B4 
  
 
 
Department of Irrigation and Drainage 
 
 
Consultant Profile Form 
 
 
Name of Firm:  __________________________________ 
 
Ministry of Finance Registration Number:  ________________________ 
 
Registration Expiry Date:  __________________ 
 
Company Address:  ____________________________________ 
   ____________________________________ 
   ____________________________________  
 
Postcode, city:    ______________________________ 
 
State:    _______________________ 
 
Address Category:  _______________________ 
 
Telephone Number:  ________________________ 
 
Fax Number:   ______________________ 
 
Email Address:  ____________________________ 
 
Scope of Field:   ________________________________ 
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Director:  _______________________________________ 
 
Director 2:  _____________________________________ 
 
Director 3:   ____________________________________ 
 
Director 4:   ____________________________________ 
 
Experience/Expertise:  __________________________________________________ 
   ___________________________________________________ 
 
Remarks:    __________________________________________________ 
   ___________________________________________________ 
 
Date of update: ___________________________________________ 
 
Verification by QSCD: Yes/No 
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APPENDIX B5  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TECHNICAL ASSESMENT FORM 
 Project Name    
 Consultant Discipline   Juru Ukur                        
 Project Cost Approximation   RM 100 Juta                        
 Consultant Cost Approximation  402,918.99                       
              
Consultant's Name 
Syarikat  S.O Survey 
        
Weight  
Abdul Wahab 
Ukur Perkasa 
Consultant 
        
No. Selection Criteria * 
% Marks % Marks % Marks % Marks % Marks % 
Remarks (
1 Organizational staffing 30                       
                           
2 Work Experience  40 5 40 4 32 3 24           
                           
3 Experiences in the same  project 20 3 20 3 20 3 20           
                           
4 Workload 10 5 10 4 8 5 10           
                           
5 TOTAL MARKS 100   100   90   84           
6 RANKING   1 2 3           
              
   
Marking Guidelines 
  
   
Marks 
  
0 Poor  
1 Fair  
2 Good  
3 Very Good  
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APPENDIX B6  
 
Sample of worksheet for Consultant Selection Process 
 
The following are the worksheets for consultant selection process at Malaysia DID. The 
format of the form is drawn from Organization for the Advancement of Structured 
Information Standards (OASIS) for ebXML Business Process Project. Complete 
documentation can be found at http://www.ebxml.org/ 
 
 
Form: Consultant Selection  
Process Area Name Consultant Selection from applicant i.e district engineer 
Form Id Req. 1.0 
Objective The objectives of the process is to select and asses a number of 
consultant candidates based on a standard set of criteria such as 
organization staffing, general experience, experience in the same 
project, workload. 
Scope Prequalification process at branch, unit, project branch, division, etc. 
References  Interview session, Department circular 2008, MOF 2006 
Boundary of the Process 
Area 
Executed only by applicant 
Constraints Process will be started only if there is consultancy service needed in 
project area.  
Stakeholders Decision maker 
Business Processes Consultant selection process  
 
 
Form: work scope  submission  
Process Area Name Submission of work scope 
Form Id Req. 2.0 
Objective The objectives of this process is to prepare and submit the work 
scope to QSCD 
Scope Applicant, administrative at branch to QSCD 
References  Interview session, Department circular 2008, 2009 
Boundary of the Process 
Area 
Usually executed by applicant and administrative staff 
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Constraints Process will be started only if there is consultancy service needed in 
project area. 
Stakeholders Applicant/ Decision maker 
Business Processes Documentation preparation  
Form: TOR submission  
Process Area Name Submission of TOR 
Form Id Req. 3.0 
Objective The objectives of this process is to prepare and submit the TOR to 
QSCD 
Scope Applicant, administrative staff to QSCD 
References  Interview session, Department circular 2008 
Boundary of the Process 
Area 
Usually executed only by applicant and staff member 
Constraints Process will be started after Req 1.0, Req. 2.0 has been completed 
Stakeholders Applicant/ Decision maker 
Business Processes Documentation preparation  
 
 
 
Form: applicant  submission  
Process Area Name Submission of application form 
Form Id Req. 4.0 
Objective The objectives of this process is to submit application form together 
with related documents to QSCD 
Scope Applicant to QSCD 
References  Interview session, Department circular 2008 
Boundary of the Process 
Area 
Executed only by applicant 
Constraints Process will be started after Req 1.0, Req. 2.0, Req 3.0 has been 
completed 
Stakeholders Applicant/ Decision maker 
Business Processes Documentation preparation  
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Form: managing contracting  
Process Area Name Manage contracting affair in the department 
Form Id Req. 5.0 
Objective The objective of this process is to co-ordinate the appointment of 
consultants for the department's such as issuing letter of intention to 
prospective consultant’s, organize technical committee meeting, 
manage documentation at headquarters level, manage 
communication between department and fund provider, etc. 
Scope QSCD 
References  Interview session, Department circular 2008, 2009 
Boundary of the Process 
Area 
Executed only by QSCD 
Constraints Process will be started after Req 4.0 has been completed 
Stakeholders QSCD 
Business Processes Documentation preparation  
 
 
 
 
Form: submission 
Process Area Name Submission of related document for technical and financial 
assessment 
Form Id Req. 6.0 
Objective The objective of the process is to forward necessary document for 
technical committee to assess candidates. This may includes 
company profile, TOR, work scope, application details, etc. 
Scope QSCD to technical committee 
References  Interview session 
Boundary of the Process 
Area 
Executed only by QSCD 
Constraints Process will be started after Req 5.0 has been completed and 
technical committee has been set up 
Stakeholders QSCD 
Business Processes Documentation preparation  
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Form: Consultant Selection  
Process Area Name Consultant Selection by technical committee 
Form Id Req. 7.0 
Objective The objectives of the process is to select and asses a number of 
consultant candidates based on a standard set of criteria such as 
organization staffing, general experience, experience in the same 
project, workload 
Scope Technical committee 
References  Interview session, Department circular 2008, 2009, MOF 2006 
Boundary of the Process 
Area 
Executed only by technical committee member 
Constraints Process will be started after QSCD requested for technical committee 
session to evaluate list of consultants recommend by decision 
makers 
Stakeholders Technical committee/ Decision maker 
Business Processes Prequalification process at headquarters 
 
 
 
Form: return result 
Process Area Name Consultant Selection by technical committee 
Form Id Req. 8.0 
Objective The objectives of the process is to return the assessment result and 
approval back to QSCD 
Scope Technical committee to QSCD 
References  Interview session 
Boundary of the Process 
Area 
Executed only by technical committee member 
Constraints Process will be started after the completion of Req 7.0 
Stakeholders Technical committee/ Decision maker 
Business Processes Prequalification process at headquarters 
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Form: endorsement 
Process Area Name Fund Provider Endorsement and Approval 
Form Id Req. 9.0 
Objective The objectives is to endorse the application by fund provider 
Scope Fund Provider 
References  Interview session, MOF 2006 
Boundary of the Process 
Area 
Executed only by Fund Provider 
Constraints Process will be started after the completion of Req 5.0 and Req. 8.0 
Stakeholders Fund Provider 
Business Processes Fund Provider Endorsement and Approval 
 
 
 
Form: Provide Project Fund 
Process Area Name Fund Provider Endorsement and Approval 
Form Id Req. 10.0 
Objective The objectives is to provide fund for the infrastructure project 
Scope Fund Provider 
References  Interview session, MOF 2006 
Boundary of the Process 
Area 
Executed only by Fund Provider 
Constraints Process will be started after the completion of Req 12.0 
Stakeholders Fund Provider 
Business Processes Fund Provider Endorsement and Approval 
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Form: Fund Approval 
Process Area Name Fund Provider Endorsement and Approval 
Form Id Req. 11.0 
Objective The objectives is to notify the approval to the agency 
Scope Fund Provider 
References  Interview session, MOF 2006 
Boundary of the Process 
Area 
Executed only by Fund Provider to QSCD 
Constraints Process will be started after the completion of Req 9.0 
Stakeholders Fund Provider 
Business Processes Fund Provider Endorsement and Approval 
 
 
 
 
Form: notification of approval 
Process Area Name Fund Provider Endorsement and Approval 
Form Id Req. 12.0 
Objective The objectives is to notify the result to applicant and process 
necessary documentation 
Scope QSCD 
References  Interview session, MOF 2006 
Boundary of the Process 
Area 
Executed only by QSCD to applicant 
Constraints Process will be started after the completion of Req 11.0 
Stakeholders QSCD, applicant 
Business Processes Fund Provider Endorsement and Approval 
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APPENDIX C1  
       Fuzzy TOPSIS Assessment in Managerial Module 
 
Managerial Module 
 
Assigned Decision Maker: DM1 (Case A) and DM2 (Case B) 
 
 
Step 1: Fuzzy Decision Matrix and Fuzzy Weight 
 
 CR1 CR2 CR3 CR4 
 Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (7, 9, 10) (3, 5, 7) (7, 9, 10) (5, 7, 9) (7, 9, 10) (7, 9, 10) (7, 9, 10) (5, 7, 9) 
A2 (7, 9, 10) (5, 7, 9) (7, 9, 10) (7, 9, 10) (9, 10, 10) (7, 9, 10) (3, 5, 7) (7, 9, 10) 
A3 (7, 9, 10) (9,10,10) (5, 7, 9) (9,10,10) (5, 7, 9) (9, 10, 10) (7, 9, 10) (5, 7, 9) 
A4 - (3, 5, 7) - (7, 9, 10) - (5, 7, 9) - (9, 10, 10) 
A5 - (7, 9, 10) - (9,10,10) - (9, 10, 10) - (1, 3, 5) 
Weight (0.7, 0.9, 1) (0.5, 0.7,0.9) (0.9, 1, 1) (0.7, 0.9,1) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.1, 0.3, 0.5) 
 
 
Step1: Fuzzy Normalized Decision Matrix 
 
 CR1 CR2 CR3 CR4 
 Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.5, 0.7, 0.9) 
A2 (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.9, 1, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) 
A3 (0.7, 0.9, 1) (0.9, 1, 1) (0.5, 0.7, 0.9) (0.9, 1, 1) (0.5, 0.7, 0.9) (0.9, 1, 1) (0.7, 0.9, 1) (0.5, 0.7, 0.9) 
A4 - (0.3, 0.5, 0.7) - (0.7, 0.9, 1) - (0.5, 0.7, 0.9) - (0.9, 1, 1) 
A5 - (0.7, 0.9, 1) - (0.9, 1, 1) - (0.9, 1, 1) - (0.1, 0.3, 0.5) 
Step 3: Fuzzy Weighted Normalized Matrix 
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 CR1 CR2 CR3 CR4 
 Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (0.49, 0.81, 1) (0.15, 0.35, 0.63) (0.63, 0.9, 1) (0.35, 0.63, 0.9) (0.35, 0.63, 0.9) (0.21, 0.45, 0.7) (0.21, 0.45, 0.7) (0.05, 0.21, 0.45) 
A2 (0.49, 0.81, 1) (0.25, 0.49, 0.81) (0.63, 0.9, 1) (0.49, 0.81, 1) (0.45, 0.7, 0.9) (0.21, 0.45, 0.7) (0.09, 0.25, 0.49) (0.07, 0.27, 0.5) 
A3 (0.49, 0.81, 1) (0.45, 0.7, 0.9) (0.45, 0.7, 0.9) (0.63, 0.9, 1) (0.25, 0.49, 0.81) (0.27, 0.5, 0.7) (0.21, 0.45, 0.7) (0.05, 0.21, 0.45) 
A4 - (0.15, 0.35, 0.63) - (0.49, 0.81, 1) - (0.15, 0.35, 0.63) - (0.09, 0.3, 0.5) 
A5 - (0.35, 0.63, 0.9) - (0.63, 0.9, 1) - (0.27, 0.5, 0.7) - (0.01, 0.09, 0.25) 
 
Step 5: Separation from positive ideal solution A+ 
 
 CR1 CR2 CR3 CR4 
 Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0 0.3084 0 0.2319 0.0705 0.0451 0 0.0638 
A2 0 0.1753 0 0.0961 0 0.0451 0.1812 0.0208 
A3 0 0 0.1657 0 0.1753 0 0 0.0638 
A4 - 0.3084 - 0.0961 - 0.1180 - 0 
A5 - 0.0705 - 0 - 0 - 0.1941 
 
Step 6: Separation from negative ideal solution A- 
 
 CR1 CR2 CR3 CR4 
 Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0 0 0.1657 0 0.1121 0.0785 0.1812 0.1367 
A2 0 0.1438 0.1657 0.1438 0.1753 0.0785 0 0.1812 
A3 0 0.3084 0 0.2319 0 0.1184 0.1812 0.1367 
A4 - 0 - 0.1438 - 0 - 0.1941 
A5 - 0.2525 - 0.2319 - 0.1184 - 0 
 
 
 
 
Step 6: Distance Measurement 
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 Case A Case B 
 A* A' A* A' 
A1 0.0705 0.4590 0.6462 0.2152 
A2 0.1812 0.3410 0.3373 0.5472 
A3 0.3410 0.1812 0.0638 0.7950 
A4 - - 0.5226 0.3378 
A5 - - 0.2646 0.6024 
 
 
Step 7: Relative Closeness Coefficient 
 
 Case A Case B 
A1 0.8669 0.2489 
A2 0.6530 0.6187 
A3 0.3470 0.9257 
A4 - 0.3927 
A5 - 0.6949 
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APPENDIX C2 
Selection of Technical Assessment Criteria between Decision Makers 
 
Hierarchical structures in top tier for case A and case B for DM3 
 
 
 
 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
 (CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Consultant 
A4 
Consultant 
A5 
Expertise 
(CR5) 
Economic 
Stability 
(CR6) 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
(CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Expertise 
(CR5) 
Economic 
Stability 
(CR6) 
Case A 
Case B 
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Hierarchical structures in top tier for case A and case B for DM4 
 
 
 
 
 
 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
 (CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Consultant 
A4 
Consultant 
A5 
Knowledge 
in Project 
Location 
(CR7) 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
(CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Knowledge 
in Project 
Location 
(CR7) 
Case A 
Case B 
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Hierarchical structures in top tier for case A and case B for DM5 
 
 
 
 
 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
 (CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Consultant 
A4 
Consultant 
A5 
Economic 
Stability 
(CR6) 
Methodology 
(CR8) 
Expertise 
(CR5) 
Goal 
Organisation 
(CR1) 
General 
Experience 
(CR2) 
Experience in the 
same Project 
(CR3) 
Workload 
 (CR4) 
Consultant 
A1 
Consultant 
A2 
Consultant 
A3 
Expertise 
(CR5) 
 
Case A 
Case B 
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APPENDIX C3   
Fuzzy TOPSIS Assessment in Top Tier Module (Technical Committee) 
 
Top Tier Module : Technical Assesment 
 
Assigned Decision Maker: DM3  
 
Step 1: Fuzzy Decision Matrix and Fuzzy Weight 
 
 CR1 CR2 CR3 CR4 CR5 CR6 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (5, 7, 9) (5, 7, 9) (7, 9, 10) (5, 7, 9) (7, 9, 10) (3, 5, 7) (7, 9, 10) (7, 9, 10) (9, 10, 10) (5, 7, 9) (5, 7, 9) (9, 10, 10) 
A2 (3, 5, 7) (7, 9, 10) (7, 9, 10) (7, 9, 10) (9, 10, 10) (3, 5, 7) (1, 3, 5) (9, 10, 10) (7, 9, 10) (5, 7, 9) (9, 10, 10) (3, 5, 7) 
A3 (5, 7, 9) (9, 10, 10) (3, 5, 7) (9, 10, 10) (7, 9, 10) (5, 7, 9) (7, 9, 10) (3, 5, 7) (5, 7, 9) (9, 10, 10) (3, 5, 7) (3, 5, 7) 
A4 - (7, 9, 10) - (7, 9, 10) - (3, 5, 7) - (9, 10, 10) - (3, 5, 7) - (3, 5, 7) 
A5 - (5, 7, 9) - (9, 10, 10) - (7, 9, 10) - (1, 3, 5) - (7, 9, 10) - (7, 9, 10) 
Weight (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.1, 0.3, 0.5) (0.1, 0.3, 0.5) (0.9, 1, 1) (0.9, 1, 1) (0, 0.1, 0.3) (0, 0.1, 0.3) 
 
 
Step 2: Fuzzy Normalized Decision Matrix 
 
 CR1 CR2 CR3 CR4 CR5 CR6 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (0.56, 0.78, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.9, 1, 1) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.9, 1, 1) 
A2 (0.33, 0.56, 0.78) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.9, 1, 1) (0.3, 0.5, 0.7) (0.1, 0.3, 0.5) (0.9, 1, 1) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.9, 1, 1) (0.3, 0.5, 0.7) 
A3 (0.56, 0.78, 1) (0.9, 1, 1) (0.3, 0.5, 0.7) (0.9, 1, 1) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.9, 1, 1) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
A4 - (0.7, 0.9, 1) - (0.7, 0.9, 1) - (0.3, 0.5, 0.7) - (0.9, 1, 1) - (0.3, 0.5, 0.7) - (0.3, 0.5, 0.7) 
A5 - (0.5, 0.7, 0.9) - (0.9, 1, 1) - (0.7, 0.9, 1) - (0.1, 0.3, 0.5) - (0.7, 0.9, 1) - (0.7, 0.9, 1) 
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Step 3: Fuzzy Weighted Normalized Matrix 
 
 CR1 CR2 CR3 CR4 CR5 CR6
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A C
A1 
(0.28, 0.54, 
0.9) 
(0.25, 0.49, 
0.81) (0.49, 0.81, 1) 
(0.35, 0.63, 
0.9) (0.21, 0.45, 0.7) (0.09, 0.25, 0.49) (0.07, 0.27, 0.5) (0.07, 0.27, 0.5) (0.81, 1, 1) (0.45, 0.7, 0.9) 
(0, 0.07, 0.27) 
A2 
(0.17, 0.38, 
0.7) (0.35, 0.63, 0.9) (0.49, 0.81, 1) (0.49, 0.81, 1) (0.27, 0.5, 0.7) (0.09, 0.25, 0.49) (0.01, 0.09, 0.25) (0.09, 0.3, 0.5) (0.63, 0.9, 1) (0.45, 0.7, 0.9) 
(0, 0.1, 0.3) 
A3 
(0.28, 0.54, 
0.9) (0.45, 0.7, 0.9) 
(0.21, 0.45, 
0.7) (0.63, 0.9, 1) 
(0.21, 0.45, 0.7) 
(0.15, 0.35, 0.63) (0.07, 0.27, 0.5) (0.03, 0.15, 0.35) (0.45, 0.7, 0.9) (0.81, 1, 1) 
(0, 0.05, 0.21) 
A4 - (0.35, 0.63, 0.9) - (0.49, 0.81, 1) - (0.09, 0.25, 0.49) - (0.09, 0.3, 0.5) - (0.27, 0.5, 0.7) - 
A5 - 
(0.25, 0.49, 
0.81) - (0.63, 0.9, 1) 
- 
(0.21, 0.45, 0.7) - (0.01, 0.09, 0.25) - (0.63, 0.9, 1) 
- 
 
 
Step 4: Separation from positive ideal solution A+ 
 
 CR1 CR2 CR3 CR4 CR5 C6 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0 0.1753 0 0.2319 0.0451 0.1812 0 0.0208 0 0.2766 0.0245 0 
A2 0.1597 0.0705 0 0.0961 0 0.1812 0.1812 0 0.1189 0.2766 0 0.0594 
A3 0 0 0.3152 0 0.0451 0.0785 0 0.1273 0.2766 0 0.0594 0.0594 
A4 - 0.0705 - 0.0961 - 0.1812 - 0 - 0.4588 - 0.0594 
A5 - 0.1753 - 0 - 0 - 0.1941 - 0.1189 - 0.0058 
 
 
Step 5: Separation from negative ideal solution A- 
 
 CR1 CR2 CR3 CR4 CR5 C6 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0.1597 0 0.3152 0 0 0 0.1812 0.1812 0.2767 0.1936 0.0365 0.0594 
A2 0 0.1121 0.3152 0.1438 0.0451 0 0 0.1941 0.1657 0.1936 0.0594 0 
A3 0.1597 0.1753 0 0.2319 0 0.1052 0.1812 0.0683 0 0.4588 0 0 
A4 - 0.1121 - 0.1438 - 0 - 0.1941 - 0 - 0 
A5 - 0 - 0.2319 - 0.1812 - 0 - 0.3557 - 0.0569 
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Step 6: Distance Measurement 
 
 Case A Case B 
 A* A' A* A' 
A1 0.0696 0.9693 0.8858 0.4342 
A2 0.4598 0.5854 0.6839 0.6435 
A3 0.6964 0.3409 0.2652 1.040 
A4 - - 0.8660 0.4500 
A5 - - 0.4940 0.8257 
 
 
Step 7: Relative Closeness Coefficient 
 
 Case A Case B 
A1 0.9330 0.3289 
A2 0.5601 0.4848 
A3 0.3287 0.7967 
A4 - 0.3419 
A5 - 0.6256 
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Top Tier Module : Technical Assesment 
 
Assigned Decision Maker: DM4 
 
Step 1: Fuzzy Decision Matrix and Fuzzy Weight 
 
 CR1 CR2 CR3 CR4 CR7 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (7, 9, 10) (3, 5, 7) (5, 7, 9) (3, 5, 7) (7, 9, 10) (1, 3, 5) (5, 7, 9) (3, 5, 7) (7, 9, 10) (7, 9, 10) 
A2 (3, 5, 7) (5, 7, 9) (5, 7, 9) (7, 9, 10) (5, 7, 9) (3, 5, 7) (0, 1, 3) (7, 9, 10) (7, 9, 10) (9, 10, 10) 
A3 (5, 7, 9) (7, 9, 10) (3, 5, 7) (9, 10, 10) (3, 5, 7) (7, 9, 10) (7, 9, 10) (3, 5, 7) (3, 5, 7) (3, 5, 7) 
A4 - (5, 7, 9) - (7, 9, 10) - (3, 5, 7) - (7, 9, 10) - (3, 5, 7) 
A5 - (5, 7, 9) - (9, 10, 10) - (7, 9, 10) - (0, 1, 3) - (3, 5, 7) 
Weight (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.9, 1, 1) (0.9, 1, 1) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.1, 0.3, 0.5) (0.1, 0.3, 0.5) (0, 0.1, 0.3) (0, 0.1, 0.3) 
 
 
Step 2: Fuzzy Normalized Decision Matrix 
 
 CR1 CR2 CR3 CR4 CR7 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.56, 0.78, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.1, 0.3, 0.5) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.7, 0.9, 1) 
A2 (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.56, 0.78, 1) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0, 0.1, 0.3) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.9, 1, 1) 
A3 (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.33, 0.56, 78) (0.9, 1, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
A4 - (0.5, 0.7, 0.9) - (0.7, 0.9, 1) - (0.3, 0.5, 0.7) - (0.7, 0.9, 1) - (0.3, 0.5, 0.7) 
A5 - (0.5, 0.7, 0.9) - (0.9, 1, 1) - (0.7, 0.9, 1) - (0, 0.1, 0.3) - (0.3, 0.5, 0.7) 
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Step 3: Fuzzy Weighted Normalized Matrix 
 
 CR1 CR2 CR3 CR4 CR7 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 
(0.35, 0.63, 
0.9) 
(0.15, 0.35, 
0.63) (0.5, 0.78, 1) (0.27, 0.5, 0.7) (0.21, 0.45, 0.7) (0.03, 0.15, 0.35) (0.05, 0.21, 0.45) (0.03, 0.15, 0.35) (0, 0.09, 0.3) 
(0, 0.09, 0.3) 
A2 
(0.15, 0.35, 
0.63) 
(0.25, 0.49, 
0.81) (0.5, 0.78, 1) (0.63, 0.9, 1) 
(0.15, 0.35, 0.63) (0.09, 0.25, 0.49) 
(0, 0.03, 0.15) (0.07, 0.27, 0.5) (0, 0.09, 0.3) 
(0, 0.1, 0.3) 
A3 
(0.25, 0.49, 
0.81) (0.35, 0.63, 0.9) 
(0.3, 0.56, 
0.78) (0.81, 1, 1) 
(0.09, 0.25, 0.49) 
(0.21, 0.45, 0.7) (0.07, 0.27, 0.5) (0.03, 0.15, 0.35) (0, 0.05, 0.21) 
(0, 0.05, 0.21) 
A4 - 
(0.25, 0.49, 
0.81) - (0.63, 0.9, 1) 
- (0.09, 0.25, 0.49) 
- (0.07, 0.27, 0.5) - 
(0, 0.05, 0.21) 
A5 - 
(0.25, 0.49, 
0.81) - (0.81, 1, 1) 
- 
(0.21, 0.45, 0.7) - 
(0, 0.03, 0.15) 
- 
(0, 0.05, 0.21) 
 
 
Step 4: Separation from positive ideal solution A+ 
 
 CR1 CR2 CR3 CR4 CR7 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0 0.2525 0 0.4588 0 0.2857 0.0465 0.1133 0 0.0058 
A2 0.2525 0.1121 0 0.1189 0.0785 0.1812 0.2483 0 0 0 
A3 0.1121 0 0.2151 0 0.1812 0 0 0.1133 0.0569 0.0594 
A4 - 0.1121 - 0.1189 - 0.1812 - 0 - 0.0594 
A5 - 0.1121 - 0 - 0 - 0.2483 - 0.0594 
 
 
Step 5: Separation from negative ideal solution A- 
 
 CR1 CR2 CR3 CR4 CR7 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B 
A1 0.2525 0 0.2151 0 0.1812 0 0.2040 0.1358 0.0569 0.0569 
A2 0 0.1438 0.2151 0.3557 0.1052 0.1052 0 0.2483 0.0569 0.0594 
A3 0.1438 0.2525 0 0.4588 0 0.2857 0.2483 0.1358 0 0 
A4 - 0.1438 - 0.3557 - 0.1052 - 0.2483 - 0 
A5 - 0.1438 - 0.4588 - 0.2857 - 0 - 0 
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Step 6: Distance Measurement 
 
 Case A Case B 
 A* A' A* A' 
A1 0.0465 0.9097 1.1161 0.1926 
A2 0.5794 0.3771 0.4122 0.9124 
A3 0.5652 0.3921 0.1727 1.1328 
A4 - - 0.4716 0.8530 
A5 - - 0.4199 0.8883 
 
 
Step 7: Relative Closeness Coefficient 
 
 Case A Case B 
A1 0.9513 0.1472 
A2 0.3943 0.6889 
A3 0.4096 0.8677 
A4 - 0.6440 
A5 - 0.6790 
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Top Tier Module : Technical Assesment 
 
Assigned Decision Maker: DM5 
 
Step 1: Fuzzy Decision Matrix and Fuzzy Weight 
 
 CR1 CR2 CR3 CR4 CR5 CR6 CR8 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case B Case B 
A1 (7, 9, 10) (3, 5, 7) (7, 9, 10) (3, 5, 7) (7, 9, 10) (3, 5, 7) (5, 7, 9) (3, 5, 7) (9, 10, 10) (5, 7, 9) (7, 9, 10) (7, 9, 10) 
A2 (5, 7, 9) (5, 7, 9) (7, 9, 10) (5, 7, 9) (3, 5, 7) (3, 5, 7) (1, 3, 5) (7, 9, 10) (7, 9, 10) (7, 9, 10) (3, 5, 7) (7, 9, 10) 
A3 (5, 7, 9) (7, 9, 10) (5, 7, 9) (7, 9, 10) (3, 5, 7) (7, 9, 10) (7, 9, 10) (3, 5, 7) (7, 9, 10) (7, 9, 10) (3, 5, 7) (7, 9, 10) 
A4 - (3, 5, 7) - (3, 5, 7) - (3, 5, 7) - (7, 9, 10) - (5, 7, 9) (3, 5, 7) (5, 7, 9) 
A5 - (5, 7, 9) - (7, 9, 10) - (9, 10, 10) - (0, 1, 3) - (7, 9, 10) (7, 9, 10) (7, 9, 10) 
Weight (0.7, 0.9, 1) (0.7, 0.9, 1) (0.9, 1, 1) (0.9, 1, 1) (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.9, 1, 1) (0.9, 1, 1) (0.1, 0.3, 0.5) (0, 0.1, 0.3) 
 
 
Step 2: Fuzzy Normalized Decision Matrix 
 
 CR1 CR2 CR3 CR4 CR5 CR6 CR8 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case B Case B 
A1 (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.9, 1, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.7, 0.9, 1) 
A2 (0.5, 0.7, 0.9) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.1, 0.3, 0.5) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) 
A3 (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) (0.7, 0.9, 1) (0.3, 0.5, 0.7) (0.7, 0.9, 1) 
A4 - (0.3, 0.5, 0.7) - (0.3, 0.5, 0.7) - (0.3, 0.5, 0.7) - (0.7, 0.9, 1) - (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) 
A5 - (0.5, 0.7, 0.9) - (0.7, 0.9, 1) - (0.9, 1, 1) - (0, 0.1, 0.3) - (0.7, 0.9, 1) (0.7, 0.9, 1) (0.7, 0.9, 1) 
 
 
 
 
 
Step 3: Fuzzy Weighted Normalized Matrix 
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 CR1 CR2 CR3 CR4 CR5 CR6 CR8 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case B Case B 
A1 (0.49, 0.81, 1) (0.21, 0.45, 0.7) (0.63, 0.9, 1) (0.27, 0.5, 0.7) (0.35, 0.63, 0.9) (0.15, 0.35, 0.63) (0.15, 0.35, 0.63) (0.09, 0.25, 0.49) (0.81, 1, 1) (0.45, 0.7, 0.9) (0.07, 0.27, 0.5) (0, 0.09, 0.3) 
A2 
(0.35, 0.63, 
0.9) (0.35, 0.63, 0.9) (0.63, 0.9, 1) (0.45, 0.7, 0.9) (0.15, 0.35, 0.63) (0.15, 0.35, 0.63) 
(0.03, 0.15, 0.35) 
(0.21, 0.45, 0.7) (0.63, 0.9, 1) 
(0.63, 0.9, 1) (0.03, 0.15, 0.35) (0, 0.09, 0.3) 
A3 
(0.35, 0.63, 
0.9) (0.49, 0.81, 1) (0.45, 0.7, 0.9) (0.63, 0.9, 1) (0.15, 0.35, 0.63) (0.35, 0.63, 0.9) (0.21, 0.45, 0.7) (0.09, 0.25, 0.49) (0.63, 0.9, 0.1) 
(0.63, 0.9, 1) (0.03, 0.15, 0.35) (0, 0.09, 0.3) 
A4 - (0.21, 0.45, 0.7) - (0.27, 0.5, 0.7) - (0.15, 0.35, 0.63) - (0.21, 0.45, 0.7) - (0.45, 0.7, 0.9) (0.03, 0.15, 0.35) (0, 0.07, 0.27) 
A5 - (0.35, 0.63, 0.9) - (0.63, 0.9, 1) - (0.45, 0.7, 0.9) - (0, 0.05, 0.21) - (0.63, 0.9, 1) (0.07, 0.27, 0.5) (0, 0.09, 0.3) 
 
 
Step 4: Separation from positive ideal solution A+ 
 
 CR1 CR2 CR3 CR4 CR5 CR6 CR8 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case B Case B 
A1 0 0.3152 0 0.3557 0 0.3084 0.0785 0.1812 0 0.1657 0 0.0245 
A2 0.1438 0.1438 0 0.1657 0.2525 0.3084 0.2857 0 0.1189 0 0.1133 0.0058 
A3 0.1438 0 0.1657 0 0.2525 0.0705 0 0.1812 0.1189 0 0. 0 
A4 - 0.3152 - 0.3557 - 0.3084 - 0 - 0.1657 0.1273 0.0594 
A5 - 0.1438 -  - 0 - 0.3848 - 0 0.0638 0.0057 
 
 
Step 5: Separation from negative ideal solution A- 
 
 CR1 CR2 CR3 CR4 CR5 CR6 CR8 
 Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case B Case B 
A1 0.1438 0 0.1657 0 0.2525 0 0.2104 0.2053 0.1189 0 0.1133 0.0208 
A2 0 0.1751 0.1657 0.1936 0 0 0 0.3848 0 0.1657 0 0.0208 
A3 0 0.3152 0 0.3557 0 0.2525 0.2857 0.2053 0 0.1657 0 0.0208 
A4 - 0 - 0 - 0 - 0.3848 - 0 0 0 
A5 - 0.1751 - 0.3557 - 0.3084 - 0 - 0.1657 0.1133 0.0208 
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Step 6: Distance Measurement 
 
 Case A Case B 
 A* A' A* A' 
A1 0.0785 0.8913 1.3263 0.3394 
A2 0.8009 0.1657 0.7312 0.9400 
A3 0.6809 0.2857 0.3650 1.3153 
A4 - - 1.2792 0.3848 
A5 - - 0.5286 1.1391 
 
 
Step 7: Relative Closeness Coefficient 
 
 Case A Case B 
A1 0.9190 0.2038 
A2 0.1715 0.5625 
A3 0.2956 0.7828 
A4 - 0.2313 
A5 - 0.6831 
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Top Tier Module : Financial Decision Making with Fees Integration 
 
Assigned Decision Maker: DM3, DM4, DM5 
 
Precondition: Group Aggregation for Closeness Coefficient and Weight Assignment 
 
Step 1: Group Aggregation for CCi 
 
 
 CCi  for Case A CCi  for Case B 
 DM3 DM4 DM5 
*
iCC  
Case 
A 
Rank 
DM3 DM4 DM5 
*
iCC  
Case 
B 
Rank 
A1 0.9330 0.9513 0.9190 0.9345 1 0.3289 0.1472 0.2038 0.2266 5 
A2 0.5601 0.3943 0.1715 0.3753 2 0.4848 0.6889 0.5625 0.5787 3 
A3 0.3287 0.4096 0.2956 0.3446 3 0.7967 0.8677 0.7828 0.8157 1 
A4      0.3419 0.6440 0.2313 0.4057 4 
A5      0.6256 0.6790 0.6831 0.6626 2 
 
 
Step 2: Group Aggregation for Weight Assignment
 
 
 Case A Case B 
 
Technical 
Assessment Fees 
Technical 
Assessment Fees 
DM3 (0.9, 1, 1) (0,0.1, 0.3) (0.9, 1, 1) (0.1, 0.3, 0.5) 
DM4 (0.7, 0.9, 1) (0,0.1, 0.3) (0.7, 0.9, 1) (0,0.1, 0.3) 
DM5 (0.7, 0.9, 1) (0.1, 0.3, 0.5) (0.9, 1, 1) (0.1, 0.3, 0.5) 
Aggregation (0.77, 0.93, 1) (0.03, 0.17, 0.37) (0.83, 0.97, 1) (0.07, 0.23, 0.43) 
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Fuzzy TOPSIS Module: 
 
Step 1: Normalised Decision Matrix and Fuzzy Weight 
 
 
 
 
 
 
Step 2: Fuzzy Weighted Normalized Matrix 
 
 Case A Case B 
 Technical Assessment Fees Technical Assessment Fees 
A1 (0.72, 0.87, 0.93) (0.03, 0.16, 0.36) (0.19, 0.22, 0.23) (0.06, 0.23, 0.42) 
A2 (0.29, 0.35, 0.38) (0.03, 0.16, 0.36) (0.48, 0.56, 0.58) (0.7, 0.23, 0.43) 
A3 (0.26, 0.32, 0.34) (0.03, 0.17, 0.37) (0.68, 0.79, 0.82) (0.06, 0.22, 0.41) 
A4 - - (0.34, 0.39, 0.41) (0.07, 0.23, 0.43) 
A5 - - (0.55, 0.64, 0.66) (0.06, 0.22, 0.40) 
 
 
 
 
 
 
 
 Case A Case B 
 Technical Assessment Fees Technical Assessment Fees 
A1 0.9345 0.9704 0.2266 0.9724 
A2 0.3753 0.9832 0.5787 1 
A3 0.3446 1 0.8157 0.9376 
A4 - - 0.4057 0.9920 
A5 - - 0.6626 0.9292 
Weight (0.77, 0.93,1) (0.03, 0.17, 0.37) (0.83, 0.97,1) (0.07, 0.23, 0.43) 
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Step 3: Separation from positive ideal solution A+ 
 
 Case A Case B 
 Technical Assessment Fees Technical Assessment Fees 
A1 0 0.0069 0.5515 0.0079 
A2 0.5062 0.0039 0.2219 0 
A3 0.5340 0 0 0.0179 
A4 - - 0.3838 0.0023 
A5 - - 0.1434 0.0203 
 
 
Step 4: Separation from negative ideal solution A- 
 
 Case A Case B 
 Technical Assessment Fees Technical Assessment Fees 
A1 0.5340 0 0 0.1238 
A2 0.0278 0.0030 0.3296 0.0203 
A3 0 0.0069 0.5515 0.0024 
A4 - - 0.1676 0.0180 
A5 - - 0.4081 0 
 
 
 
Step 5: Distance Measurement 
 
 Case A Case B 
 A* A' A* A' 
A1 0.0069 0.5340 0.5594 0.0124 
A2 0.5101 0.0307 0.2219 0.3499 
A3 0.5340 0.0069 0.0179 0.5539 
A4 - - 0.3861 0.1856 
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A5 - - 0.1637 0.4081 
 
Step 7: Final Relative Closeness Coefficient 
 
 Case A Case B 
A1 0.9873 0.0216 
A2 0.0568 0.6119 
A3 0.0127 0.9687 
A4 - 0.3247 
A5 - 0.7138 
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APPENDIX C4  
Sample of Heuristic Form for Face and Global utility validation 
 
Prototype for a Decision Support System for Consultant Selection (consultDeSS).  
 
Objectives 
We would like you to review the Decision Support System for consultant selection 
that namely consultDeSS. The evaluation is divided into two sections i.e. Usability 
evaluation and global utility evaluation. The evaluation is estimated to be completed 
within 40 to 55 minutes. Your evaluation will be used to improve the design of 
consultDeSS and indirectly help for decision making process in your organisation.  
 
What is user interface and usability? 
Generally, user interface is important as it is one of the aspects in usability. It usually 
involve human factor in order to model the user interface requirement. Menawhile, 
usability determines how effectively and comfortably an end user can achieve the 
goals that gave rise to an interactive system (Bass, John & Bass, 2001). In addition, 
usability relates on how the system interacts with the user.  
 
What is usability evaluation? 
The usability evaluation is technique to ensure that the intended users of a system can 
carry out the intended tasks efficiently, effectively and satisfactorily (Gaffney, 1999). 
evaluation is qualitative in nature. It involves having evaluators which usually the 
domain expert to examine the user interface, system and judge its compliance with 
recognized usability principles i.e. heuristics (Zhang et al., 1999). This heuristic can 
be a set of guidelines or checklist to assess a system for its usage such as simplicity, 
match between system and the real world, user control and freedom, minimize user 
memory load, consistency, efficiency of use, recognition rather than recall, aesthetic 
and minimalist design, prevent errors, (Branaghan & Simeral, 1997; Nielsen, 2005b). 
 
What is global utility evaluation? 
It is an evaluation that evaluate DSS as a whole and match with the components such 
as;  
-support organizational goals: ability of the software to achieve organization 
objectives as describes in elicitation process  
-Efficiency: the extent to which time or effort is well used for the intended task or 
purpose  
- Decision making satisfaction: decision making expectations, or needs, or the 
pleasure derived from the use of system 
- System quality: overall system quality which encompass the methodology and 
design approach for the system implementation  
- Decision making approach: decision making method used in the system including 
decision model or any scoring technique  
- Information presentation: Overall information about the visibility of the information 
and including general interface design  
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- Information quality: Required data is accessible and easy to use  
 
 
 
Section A Heuristic Evaluation  
This section concerns on the usability aspect of the system. There are seven attributes of 
usability with a few sub questions in each of them. Explanation should be brief. This 
section will approximately to be completed within 30 to 40 minutes. 
 
 
 
1. Match between System and the Real World 
 
The system should speak the user’s language in words, phrases and concepts familiar to 
the user, rather than system-oriented terms. Follow real world convention, making 
information appear in a natural and logical order. 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
1.1 Does the application represent 
the real world for both 
applicant and technical 
committee team 
 Yes 
 No 
 NA 
 
      
1.2 Does the system produce the 
desirable output similar to real 
world application 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment : <Click Here> 
 
III. If you have other comments, please specify.   
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2. User Control and Freedom 
 
Users should be free to select and sequence tasks (when appropriate), rather than having 
the systems do this for them. Users will need a clearly marked “emergency exit” to leave 
the unwanted state without having to go through an extended dialogue. Users should 
make their own decision regarding the costs of exiting current work. The system should 
support undo and redo. 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
2.1 Are users prompted to confirm 
commands that have drastic 
consequences? 
 Yes 
 No 
 NA 
 
      
2.2 Can users easily move forward 
and backward between fields 
or using tabs button? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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3. Consistency and Standards 
 
Users should not have to wonder whether different words, situations or actions mean the 
same thing. Follow the platform conventions. 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
3.1 Are field labels consistent 
from one data entry page to 
another? 
 Yes 
 No 
 NA 
 
      
3.2 Does each page have a short, 
simple, clear, distinctive title? 
 Yes 
 No 
 NA 
 
      
3.3 Are labels and button names 
consistent across the page, in 
grammatical style and 
terminology? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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4. Help Users Recognize, Diagnose and Recover From Errors 
 
Error messages should be expressed in plain language 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
4.1 Do all error messages in the 
system use consistent 
grammatical style, form, 
terminology, and 
abbreviations? 
 Yes 
 No 
 NA 
 
      
4.2 If an error is detected in a data 
entry field, does the system 
place the cursor in that field or 
highlight the error? 
 Yes 
 No 
 NA 
 
      
4.3 Are error messages used to 
indicate what action the user 
needs to take to correct the 
error? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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5. Recognition Rather Than Recall 
 
Make objects, actions, and opinions visible. The user should not have to remember 
information from one part of the dialogue to another. Instructions for the use of the 
system should be visible or easily retrievable whenever appropriate. 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
5.1 Is white space used to create 
symmetry and lead the eye in 
the appropriate direction? 
 Yes 
 No 
 NA 
 
      
5.2 Have items been grouped into 
logical zones, and have 
headings been used to 
distinguish between zones? 
 Yes 
 No 
 NA 
 
      
5.3 On data entry page, are 
dependent fields displayed 
only when necessary? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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6. Aesthetic and Minimalist Design 
 
Dialogues should not contain information that is irrelevant or rarely needed. Every extra 
unit of information in a dialogue competes with the relevant of information and 
diminishes their relative visibility 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
6.1 Is only (and all) information 
essential to decision making 
displayed on the system? 
 Yes 
 No 
 NA 
 
      
6.2 Are meaningful groups of 
items separated by white 
space? 
 Yes 
 No 
 NA 
 
      
6.3 Are field labels brief, familiar 
and descriptive? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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7. Error Prevention 
 
Even better than good error messages is a careful design that prevents a problem from 
occurring in the first place 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
7.1 Is font size large enough for a 
user to read? 
 Yes 
 No 
 NA 
 
      
7.2 Is there enough white space 
between text entry fields, 
labels, check boxes and 
buttons so that a user cannot 
make a selection by mistake? 
 Yes 
 No 
 NA 
 
      
7.3 Does the system prevent a user 
from making errors in a data 
entry field? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment: <Click Here> 
 
 
III. If you have other comments, please specify.   
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8. Visibility of System Status 
 
The system should always keep users informed about what is going on, through 
appropriate feedback within reasonable time. 
 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
8.1 Does the application keep 
informed users what is going 
on? Or produced clear system 
status 
 Yes 
 No 
 NA 
 
      
 
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment : <Click Here> 
 
 
 
III. If you have other comments, please specify.   
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9. Flexibility and Efficiency of Use 
 
The system should be flexible and efficient in general. For example system may allow 
users to customise frequent actions. 
 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
9.1 Does the system provide 
efficient option for search 
capabilities in consultant 
database 
 Yes 
 No 
 NA 
 
      
9.2 Does the system provide 
flexibility for users to 
customise their own set of 
criteria 
 Yes 
 No 
 NA 
 
      
 
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment : <Click Here> 
 
 
 
III. If you have other comments, please specify.   
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10. Help and Documentation 
 
Even though it is better if the system can be used without documentation, it may be 
necessary to provide help and documentation. Any such information should be easy to 
search, focused on the user's task, list concrete steps to be carried out, and not be too 
large. 
 
I.  Please check your response for the individual items of this usability factor: 
 
#  Usability Factor  Response Comments 
10.1 Does the system provide some 
help and documentation of the 
system? 
 Yes 
 No 
 NA 
 
      
 
 
II. Please select the overall severity rating for this usability factor. The following 
table is the legend of the assessment of severity 
 
No Usability 
Problem 
Cosmetic  
Problem Only 
Minor 
Usability 
Problem 
Major 
Usability 
Problem 
Usability 
Catastrophe 
0 1 2 3 4 
 
Your assessment : <Click Here> 
 
 
III. If you have other comments, please specify.   
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Section B Global Utility Evaluation  
This section concerns on the evaluation of overall aspect of the system. This section will 
approximately to be completed within 10 to 15 minutes. 
 
 
 
1. In your opinion, what are the advantages of using consultDeSS to supporting 
consultant selection in your organisation? 
  
      
 
 
 
 
 
 
2. In your opinion, what are the disadvantages of using consultDeSS to supporting 
consultant selection in your organisation? 
 
       
 
 
 
 
 
3. Would you potentially use the system in future? 
  Yes 
 No 
 Not Sure 
 
 
 
 
4. Based on the system usage, please rate the following aspect of the overall 
prototype system development 
 
Overall Aspects Very Good Good Fair Poor 
Support organizational goals 
    
Efficiency 
    
Decision making Satisfaction 
    
System Quality 
    
Decision Making Methodology/Approach 
    
Information Presentation 
    
Information Quality 
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5. What is your acceptance level of the decision outcome? Please select the overall 
rating for acceptance. The following table is the legend of the assessment 
 
No Usability 
Problem, accept 
with no revision 
and no re-
evaluation 
 
Cosmetic Problem 
only, accept with 
minor revision 
and no re-
evaluation 
Minor Usability 
Problem, accept 
with minor 
revision and with 
re-evaluation 
Major Usability 
Problem, accept 
with major 
revision and with 
re-evaluation 
Usability 
Catastrophe, 
unacceptable and 
need for system 
redesign 
 
0 1 2 3 4 
     
 
 
 
 
6. What is your acceptance level of the overall system interface? Please select the 
overall rating for acceptance. The following table is the legend of the assessment 
 
No Usability 
Problem, accept 
with no revision 
and no re-
evaluation 
 
Cosmetic Problem 
only, accept with 
minor revision 
and no re-
evaluation 
Minor Usability 
Problem, accept 
with minor 
revision and with 
re-evaluation 
Major Usability 
Problem, accept 
with major 
revision and with 
re-evaluation 
Usability 
Catastrophe, 
unacceptable and 
need for system 
redesign 
 
0 1 2 3 4 
     
 
 
 
 
7. Do you have any other comments based on your experience? Please specify. 
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APPENDIX C5 
        Usability Problem and Recommendation by User  
 
 
Heuristic Evaluation for Round 1 
 
Heuristics Problems Evaluator Recommendation Design Solutions Technical 
category 
No application form to request 
consultancy services to QS department 
DM1, DM2 
 
 
 
 
Create a web page form for the 
purposes of application 
A  form was created based on manual 
application 
 
 
Scope 
No current rating system DM3, DM4 Create a rating that currently used 
in the department to give more 
option to user to choose 
The crisp based input was created to 
provide wider option of  technical 
assessment rating system 
 
Requirement 
No link to view the calculation of 
assessment 
DM5 Create link to view the computation 
of assessment 
Link to view the Google doc for fuzzy 
TOPSIS was created 
User Interface 
No link to view final decision making 
output 
DM1, DM5 Create a page to view final decision 
making result 
Link to view final decision making was 
created 
Requirement 
No link to view previous completed 
assessment 
DM2, DM3 Create a page to view completed 
assessment 
Assessment history page created Requirement 
No link to view consultant data in the 
main page 
DM2 Create a link to assist user to 
navigate the consultant data 
A link was created in the main page for 
consultant data 
Requirement 
No email notification for the user DM1 Give email to user (decision 
makers)  involved in the 
assessment 
The system is a prototype and it was 
designed under local host.  
Therefore email notification is not 
available for this version. 
 
Scope 
No feedback features from fund provider DM4 Give email to user on endorsement 
updates from fund provider 
The system is a prototype and it was 
designed under local host.  
Therefore, communication with external 
entities is not available 
 
 
 
Scope 
 
 
 
 
 
 
 
 
 
 
 
 
Match between 
System and Real 
World 
 
 
 
There is no printing capabilities on page DM1 Create icon or link to print the page 
 
Icon for printing created Requirement 
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Heuristics Problems Evaluator Recommendation Design Solutions Technical  
category 
Once assessment has started, there is no 
cancel  button available for the particular 
page 
DM3 Create cancel button on current 
assessment 
 
Cancel button was created 
Requirement 
There are no previous button and user has 
to click back button in browser 
DM1 Create previous button Previous button added Requirement 
 
 
User control and 
freedom 
The radio button allows both single and 
group decision 
DM4 Amend the error upon selection 
single or group decision 
Changes to the code was made   
User Interface 
Page background is not consistent DM5 Design a simple interface with light 
color ex. Orange. 
Changes was made based on user 
recommendation 
 
User Interface 
There are no department logo in the 
system 
DM5, DM1, 
DM3 
Add department logo on the page consultDeSS logo designed with 
department logo 
Requirement 
 
 
Consistency and 
standards 
Use arial/verdana font to inline with 
department’s website 
DM4 Use standard font Changes was made based on user 
recommendation 
Requirement 
Help users 
recognize, diagnose 
and recover from 
error 
selection of criteria only allows one 
criteria to be selected 
 
 
DM5 
 
 
Fix the error on selection criteria 
The source code has been updated to fix 
the bugs and JavaScript was applied 
  
User Interface 
Recognition rather 
than recall 
“CR” with a number is hard to remember DM2 Change CR to real criteria name Real criteria name were placed    
User Interface 
Aesthetic and 
minimalist design 
 
Design is too dull.  
DM3, DM4  
Some graphing on the result would 
be nice 
Graphing capabilities was added after 
technical assessment 
  
User Interface 
Error prevention The system suspiciously produced wrong 
result after clicking back button in 
browser 
DM4, DM5 Fix the bug in the system Changes to code was made   
User Interface 
Visibility of System 
Status 
The are no label on some of the pages 
make user wonder “where am I” 
 
DM5 
Create label on each page Label was placed in each page   
Requirement 
Flexibility and 
Efficiency of Use 
Loading error on some pages DM2 Fix the error on some pages Ajax and JavaScript was used instead of 
original source code 
  
User Interface 
Help and 
Documentation 
Help section is not available DM1,DM2 Create help section Help section was not available during 
first iteration as this is prototype. Some 
basic description of the system was 
made to the second iteration 
Requirement 
 
Heuristic Evaluation for Round 1 (continued) 
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Heuristic Evaluation for Round 2 
 
Heuristics Problems Evaluator Recommendation Design Solutions Technical 
No summary on completed activities DM1 Create a web page form for the 
purposes  
A  web based form was created based 
on manual application 
 
Requirement 
There are no change password feature DM2 Create password change feature Changes was made based on user 
recommendation 
Requirement 
Match between 
System and 
Real World 
 
No function to add/edit team member DM5 Create function to add/edit 
member 
Add team member function was added Requirement 
User control 
and freedom 
calculation on assessment lost when clicking back 
button in browser 
DM2, 
DM3 
Fix the bug Changes to the php source code was 
made 
  
User Interface 
Consistency 
and standards 
Search area should be included DM1 Include search area Toggle and floating textbox using 
AJAX was created 
Requirement 
Help users 
recognize, 
diagnose and 
recover from 
error 
     
Recognition 
rather than 
recall 
     
Aesthetic and 
minimalist 
design 
Wrong heading.  DM3 Should use Technical and 
Financial Assessment 
Changes was made based on user 
recommendation 
  
User Interface 
Error 
prevention 
     
Visibility of 
System Status 
System should display the name of user on 
current page 
 
DM5 
Display the name of user on 
current page 
Changes was made based on user 
recommendation 
  
Requirement 
Flexibility and 
Efficiency of 
Use 
      
 
Help and 
Documentation 
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APPENDIX C6  
 
Sample of Print Screen from Revised System 
 
This section presents a sample of system changes recommend by decision makers 
during heuristic evaluation session. To add more aesthetic design, the theme of the 
system was changed to orange based on user recommendation. 
 
The following figure shows the main page of the system. 
 
 
 
 A toggle function for search area was created.  
 
Search area was placed on top of the 
page 
 
Print features included 
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User’s name displayed. User can edit or add 
team member . 
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Previous button created 
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Fuzzy TOPSIS calculation viewing was made accessible 
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Logo of the department was added 
 
Consultant’s Appointment form developed 
for applicants 
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continuation of consultant’s appointment form 
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Page loading errors was fixed in consultant data viewing 
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Ajax and Javascript was applied to the consultant data viewing to add more attractive 
design 
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      Graph for consultant ranking was created
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APPENDIX D1  
 
1.0. Requirement specifications 
consultDeSS is a Decision Support System designed to assist decision  makers to 
select appropriate consultant for public infrastructure project. The following details 
the requirement specifications for consultDeSS. 
 
1.1. External interface specifications for consultDeSS 
None 
 
1.2. Functional Requirements 
There are 8 functional requirements such as Single linguistic input, Group linguistic 
input, fuzzy input, consultant assessment, Google Spreadsheet Manipulation, group 
decision, search facilities and assessment organization/administration. 
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1.2.1 DM Enter input 
Use Case Name :  Single linguistic input 
 
ID: 
1.2.1 
Importance Level: High 
 
Primary Actor : Applicant (example- DM1, DM2) 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
Applicant: DM wants to express opinion on assessment 
 
Brief Descriptions : DM are required to fill in the linguistic variables for importance 
of weight of each criterion and also linguistic variables for the ratings 
 
Trigger : The page prompted user to enter input through drop-down menu 
 
Type : Internal 
 
Relationship: 
 
          Association: DM1, DM2 
          Include: - 
          Extend: - 
          Generalization: use case 1.2.3 
 
Normal Flows of Events: 
1. DM log to the system by entering the correct username and password 
2. DM will select single decision making 
3. DM will be asked to enter linguistic variables for importance of weight of each 
criterion 
4. DM will be asked to enter linguistic variables for the ratings 
 
Sub Flows: 
S-1: Linguistic variables from DM converts to fuzzy numbers 
 
Alternate/ Exceptional Flows:  
 : DM execute search facilities 
: DM fill in application form 
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1.2.2 Technical Committee enter input 
 
Use Case Name :  Group linguistic input 
 
ID: 
1.2.2 
Importance Level: High 
 
Primary Actor : Technical Committee (example- DM3, 
DM4, DM5) 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
Applicant: DM wants to express opinion on assessment 
 
Brief Descriptions : DM are required to fill in the linguistic variables for importance 
of weight of each criterion and also linguistic variables for the ratings 
 
Trigger : The page prompted user to enter input through drop-down menu 
 
Type : Internal 
 
Relationship: 
 
          Association: DM3, DM4, DM5 
          Include: - 
          Extend: - 
          Generalization: use case 1.2.3 
 
Normal Flows of Events: 
1. DM log to the system by entering the correct username and password 
2. DM will select single decision making 
3. DM will be asked to enter linguistic variables for importance of weight of each 
criterion 
4. DM will be asked to enter linguistic variables for the ratings 
 
Sub Flows: 
S-1: Linguistic variables from DM converts to fuzzy numbers 
 
 
Alternate/ Exceptional Flows:  
 : DM execute search facilities 
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1.2.3 Fuzzy input 
Use Case Name :  fuzzy input 
 
ID: 
1.2.3 
Importance Level: High 
 
Primary Actor : Applicant and technical committee 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
not related 
 
Brief Descriptions: Linguistic inputs are gathered in this module and place in a 
database. Later, fuzzy numbers will be generated based on user input and store it 
temporarily on Google Doc spreadsheet. An authentication to Google server is needed 
to accomplish the task. 
 
Trigger : the process will be redirect from use case 1.2.1 (or 1.2.2) to another PHP 
file by using $_POST variable to forward the user input. 
 
Type : Internal 
 
Relationship: 
 
          Association: DM1, DM2, DM3, DM4, DM5 
          Include: use case 
          Extend: - 
          Generalization: - 
 
Normal Flows of Events: 
1. From previous page, once user hit the “Next” button 
2. A string of linguistic user input is forwarded to another php file by using $_POST 
variable. 
3. Linguistic inputs are converted to fuzzy numbers 
3. Input are stored in database 
4. Input is stored temporarily in Google Doc 
 
Sub Flows: 
S-1: fuzzy numbers are forwarded to technical assessment php file 
 
 
Alternate/ Exceptional Flows:  
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1.2.4 Technical Assessment 
Use Case Name :  consultant assessment 
 
ID: 
1.2.4 
Importance Level: High 
 
Primary Actor : Applicant and technical committee 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
- decision makers may enter weighting between technical assessment and consultant 
fee 
 
Brief Descriptions: The use case mimics the process of two-envelope system for 
consultant selection. Initially, the technical assessment is performed and followed by 
consultant fee integration. The system does not reveal the price to the decision makers 
before the accomplishment of the overall ranking of candidates.  
 
Trigger: the process will be redirect from use case 1.2.1 (or 1.2.2) to another PHP file 
by using $_POST variable to forward the user input. 
 
Type : Internal 
 
Relationship: 
 
          Association: DM1, DM2 
          Include: use case 1.2.6 (zend GData Library) 
          Extend:  use case 1.2.4 
          Generalization: - 
 
Normal Flows of Events: 
1. From previous page, input data was forwarded to a PHP file for processing and 
fuzzy number   conversion. 
2. Fuzzy number is used to construct fuzzy decision matrix and fuzzy weight 
3. Linguistic inputs are converted to fuzzy numbers 
4. Construct fuzzy normalized decision matrix 
5. Calculate the fuzzy weighted normalized decision matrix 
6. Calculate the distance measurement 
7. Determine separation from positive ideal solution A* 
8. Determine separation from negative ideal solution A’ 
9. Calculate closeness to ideal solution 
10. Display ranking for technical assessment to decision maker 
12. Generate graph for technical assessment 
 
Sub Flows: 
- 
 
Alternate/ Exceptional Flows: 
- decision makers restart assessment by using back/previous button 
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1.2.5 Group Decision Making 
Use Case Name :  group decision 
 
ID: 
1.2.5 
Importance Level: High 
 
Primary Actor : technical committee 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
- decision makers may enter weighting between technical assessment and consultant 
fee  
 
Brief Descriptions: The use case is intended for technical committee. The use case 
mimics the process of two-envelope system for consultant selection. Initially, the 
technical assessment is performed and followed by consultant fee integration. The 
system does not reveal the price to the decision makers before the accomplishment of 
the overall ranking of candidates.  
 
Trigger: the process will be redirect from use case 1.2.1 (or 1.2.2) to another PHP file 
by using $_POST variable to forward the user input. 
 
Type : Internal 
 
Relationship: 
 
          Association: DM3, DM4, DM5 
          Include: use case 1.2.6 (zend Gdata Library) 
          Extend:  use case 1.2.4 
          Generalization: - 
 
Normal Flows of Events: 
1. Develop group decision session 
2. From previous page, input data was forwarded to a PHP file for processing and 
fuzzy number   conversion. 
3. Fuzzy number is used to construct fuzzy decision matrix and fuzzy weight 
4. Linguistic inputs are converted to fuzzy numbers 
5. Construct fuzzy normalized decision matrix 
6. Calculate the fuzzy weighted normalized decision matrix 
7. Calculate the distance measurement 
8. Determine separation from positive ideal solution A* 
9. Determine separation from negative ideal solution A’ 
10. Calculate closeness to ideal solution 
11. Display ranking for technical assessment to decision maker 
12. Generate graph for technical assessment 
13. Decision maker assign weight for technical assessment and fees  
14. Normalised fee with inverse proportional to fee 
15. Aggregate relative closeness from decision makers to ideal solution and fee using 
arithmetic mean. 
16. Reiterate step 5 to 10 
17. Display final ranking for overall assessment to decision makers 
18. update to database 
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Sub Flows: 
- 
 
Alternate/ Exceptional Flows: 
- decision makers restart assessment by using back/previous button 
 
 
 
 
1.2.6 Spreadsheet Manipulation 
Use Case Name :  Google Spreadsheet 
Manipulation 
 
ID: 
1.2.6 
Importance Level: High 
 
Primary Actor : - 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
- not related 
 
Brief Descriptions: The use case is intended for Google spreadsheet manipulation via 
google server and zend Gdata. It accomplished few important functions such as 
authentication to google server, add row, update row, get row, delete row, get column 
name, find rows, get spreadsheet id, get worksheet id and drawing assessment graph. 
 
Trigger: the process started when there is a service request to manipulate Google doc 
spreadsheet file. 
 
Type : Internal 
 
Relationship: 
 
          Association: DM1, DM2, DM3, DM4, DM5 
          Include: use case 1.2.6 (zend GData Library) 
          Extend:  - 
          Generalization: - 
 
Normal Flows of Events: 
- authenticate to Google server 
- select spreadsheet 
- select worksheet 
- other module will requested a service for the following functions: - add row, update 
row, get row, delete row, get column name, find rows, get spreadsheet id, get 
worksheet id and drawing assessment graph. 
 
Sub Flows: 
- not related 
 
Alternate/ Exceptional Flows: 
- decision makers restart assessment by using back/previous button 
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1.2.7 Search Facilities 
Use Case Name :  search facilities 
 
ID: 
1.2.7 
Importance Level: Low 
 
Primary Actor : DM1,DM2 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
- DM1, DM2, DM3, DM4, DM5 
 
Brief Descriptions:  
Basic search function used in SQL( http://www.w3schools.com/sql/sql_syntax.asp) to 
search consultant name or related criteria based on location, work scope, current 
workload, completed project 
 
Trigger: the process started when there is a service request to manipulate Google doc 
spreadsheet file. 
 
Type : Internal 
 
Relationship: 
 
          Association: DM1, DM2, DM3, DM4, DM5 
          Include: - 
          Extend:  - 
          Generalization: - 
 
Normal Flows of Events: 
- function will be called upon requested services by actor 
 
Sub Flows: 
- 
 
Alternate/ Exceptional Flows: 
- decision makers restart search function 
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1.2.8 Assessment organization 
Use Case Name :  assessment organization 
 
ID: 
1.2.8 
Importance Level: 
Medium 
 
Primary Actor : QS Department 
 
Use Case Type:  Essential 
 
Stakeholder and Interests : 
- QS department, DM1, DM2 
 
Brief Descriptions: The use case is intended for administrative process where 
applicant is able to lodge an application and submitted QS department. The feature 
enables the actor to view the submitted form along with assessment result. Functions 
includes:  submit, view, edit, and delete. 
 
Trigger: the process started when the application from applicant is submitted 
 
Type : Internal 
 
Relationship: 
 
          Association: QS Department 
          Include: - 
          Extend:  - 
          Generalization: - 
 
Normal Flows of Events: 
- function is enabled when an applicant submit their application 
 
Sub Flows: 
- 
 
Alternate/ Exceptional Flows: 
- applicant resubmit application 
 
 
 
 
 
 
 
 
 
 
